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INDUSTRIAL HEALTH 


The Communications Lines and Problems of a 
Toxicology Laboratory Working for Industry 


HENRY F. SMYTH Jr., Ph.D., Pittsburgh 


The fact that a toxicology laboratory is 
working for industry has no bearing on 
the purposes of its work. Like any other 
toxicology laboratory, it is concerned with 
the quantitative and the qualitative actions 
of a chemical in the body. It estimates the 
magnitudes of tolerated and of excessive 
contact with or absorption of a chemical, 
and it elucidates the nature of injury which 
will result exposure. It 
predicts the signs and symptoms by which 
response to exposure can be recognized 
and the degree of response to an exposure 
which is just short of injurious. It fur- 
nishes information allowing therapy for 
excessive exposure to be rational rather 
than symptomatic. 

Unlike other toxicology laboratories, 
those working for industry have not dis- 
charged their obligation when they have 
published their results in the scientific 
literature. In industry, toxicological investi- 
gation is a staff function, furnishing infor- 
mation which guides the actions of many 
specialists. The laboratory is a member of 
a team. The purpose of the entire team is 
to make a profit by satisfying human needs. 
The purpose of the toxicology laboratory 
itself is to see that the commerce and tech- 


from excessive 


Received for publication Dec. 8, 1956. 

Mellon Institute and Union Carbide and Carbon 
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Presented at Second Symposium on Industrial 
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nological advance which the team produces 
shall not be at the expense of human health. 
For success it is essential that the laboratory 
communicate its results and judgments to 
each specialist on the team in terms which 
he will understand 
gently. 


and intelli- 


act upon 

The toxicology laboratory is not fulfilling 
its obligations toward the rest of the indus- 
trial team if its work is restricted to suc- 
cessful products which are sold at a profit. 
Toxicological data are one factor in deter- 
mining in advance whether or not a chem- 
ical can be made safely on an industrial 
scale, whether it can be packed for safe 
shipment at a reasonable cost, whether it 
can be utilized without injuring workmen 
or endangering the public. The toxicologist 
should make predictions while the team is 
deciding whether or not the chemical might 
be a profitable product, and he must furnish 
increasingly definite facts, based upon ex- 
perimental studies, while the rest of the 
team is exploring the possibilities of mak- 
ing the chemical and the potential value it 
would have if it became an article of com- 
merce. Using his special knowledge of 
toxicity, he should suggest modifications in 
molecules which will reduce handling haz- 
ards, in the hope that technical utility will 
remain. An active industrial team will start 
the development of many more products than 
it finally markets. Therefore, the toxicolo- 
gist, if he serves the team to the maximum, 
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must work on many chemicals which are 
never to be sold. It was to make such pre- 
liminary work practical that group 
standardized the simplified toxicological 
studies we speak of as the range-finding 
test.! 


my 


Hypothetical Examples 


A hypothetical example may clarify the 
discussion. In a long-range research proj- 
ect it is indicated that a new polyhydroxy 
aliphatic molecule can probably be made at 
a reasonable price, and that this compound 
might be useful in preparing polyester vinyl 
resin plasticizers and as a humectant in 
adhesives. After comparing the structure 
with that of other better known polyhy- 
droxy aliphatics, the toxicologist predicts 
it will be a material of 
skin 


low acute 
penetration, and low 
sensitizing potential and possibly may be 
metabolized like glycerin; therefore, it will 
perhaps be devoid of significant chronic 
toxicity. It will obviously be almost non- 


very 
toxicity, poor 


volatile. 

Thus encouraged, the research chemist 
synthesizes a kilogram of the compound, 
measures its physical properties, and turns 
it over to a development chemist to study 
applications in resin and adhesive technol- 
ogy. Soon the development chemist requests 
another sample. Half of this second sample 
is sent to the toxicologist for range-finding 
study. Had a greater toxicity been expected, 
the toxicologist would have been content 
with a smaller sample. He estimates acute 
toxicity by mouth and by skin penetration. 
He allows animals to inhale vapors saturated 
at room temperature. He attempts to injure 
eyes with the material, and he evaluates 
primary irritation on the covered and the 
uncovered skin. If there is urgency, his 
work is finished in 3 weeks, but in the rou- 
tine 12 weeks At the 


case are required. 


end of that time the toxicologist reports 
that for experimental animals the compound 
is essentially noninjurious by any likely 
route of contact and that considerations of 
structure do not indicate that there is likeli- 
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hood of effects from repeated contact. This 
judgment is communicated to production 
personnel, industrial physicians, industrial 
hygienists, and sales departments as well as 
to research and development chemists. 

Development work having been promis- 
ing, samples of the material are offered to 
customers, and precautionary labeling is 
decided upon to meet the policies of the 
Manufacturing Chemists’ Association and 
the regulations of the Interstate Commerce 
Commission. Presently small amounts of 
the product are being sold as a humectant 
in book binders’ glue and as a raw material 
for making a vinyl resin plasticizer. 

Soon potential customers find it will offer 
advantages as an emollient in cold cream, 
as a solvent in parenteral medication, as a 
humectant in gelatin capsules and in a 
resinous plasticizer for food containers. At 
this point a reevaluation of the product is 
called for. Obviously advanced toxicological 
study is required in order to protect the 
public and to comply with requirements of 
the Food, Drug, and Cosmetic Act if the 
product is to fulfill all its potential promise 
in technology. The toxicologist now predicts 
that the product will be shown to be safe 
for the proposed uses after almost three 
years’ additional work. He also predicts 
that the hazards of a large-scale plant to 
make the product will call for no special 
handling precautions. 

The marketing specialists estimate the 
size of the market. They determine prob- 
able profit, and balance it against the cost 
of a plant large enough to satisfy the 
market, and the comparatively minor cost 
of the toxicology work required. They eval- 
uate competitive products and products 
likely to come on the market during the 
time to be spent in engineering a plant and 
in completing toxicological study. In the 
hypothetical case, it is decided that the ma- 
terial does not offer sufficient advantages 
over glycerin to justify building a plant 
and studying its toxicology in sufficient de- 
tail. It remains a special purpose chemical 
sold in low volume for limited uses. 
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Because industry is still conducted by 


humans, the digital computer not yet having 
completed its conquest, the development of 
a new product is not always so well inte- 
grated with toxicological study as in the 
previous example. In another hypothetical 
instance, in the hopes of securing a large 
annual business with good profits, a firm 
contracts to supply 100,000 Ib. of a com- 
pletely new, unstudied chemical within 90 
days. The toxicological laboratory predicts 
that handling the material will be quite 
hazardous and that inhalation must be pre- 
vented at all costs. While the first toxico- 
logical studies are under way, production 
planning has to proceed on the basis of the 
rather alarming prediction. In this instance 
almost daily communication by telephone 
must be resorted to in order that adequate 
precautions may be taken or that modifica- 
tion of the prediction, justified by experi- 
mental results, can allow changes in 
production plans soon enough to meet the 
promised delivery time. 


Communication 


It should be clear from the two examples 
that the toxicology laboratory working for 
industry must have ready communication 
with all of the industrial 
The most penetrating and thorough 


other members 
team. 
toxicological study is useless if its results 
never reach the man who needs them, if they 
do not reach him soon enough, or if they 
reach him in terms he does not understand. 
Communication can well be a full-time job. 
There are four basic problems to be solved: 
What compounds shall be studied? 
shall be done on each? 


How much work 


1. 

2 

3. Who shall be told the results? 
4. How 
P 


robably every compound 


shall the results be expressed? 

planned or 
made by research and development labora- 
tories should be considered by the toxicology 
laboratory, at least to the extent of making 
If the 
compound is of sufficient interest for the 


predictions about handling hazards. 


firm to offer samples to customers, then its 
acute toxicity should be estimated by range- 


Smyth 


TOXICOLOGY) 


LABORATORY 


finding methods. This should be completed 
and predictions should be made about chron- 
ic toxicity before any of the compound is 
sold. The toxicology laboratory must have 
communication lines with research, devel- 
opment, and sales personnel good enough 
so that it can furnish predictions and start 
studies before possible ignorance leads to 
injury. These lines may well pass through 
a central medical department, although the 
exact routing is not important as long as 
free undistorted communication takes place 
Whatever the 
routes of communication, frequent personal 


in both directions. formal 
contacts are necessary to allow communica- 
tion of attitudes, inferences, and specula- 
One 


must be on guard against a feeling of secu- 


tions too vague to be put onto paper. 
rity from past satisfactory verbal contact, 
because rapid promotions in industry often 
take a thoroughly indoctrinated chemist out 
of a key position where he directly applies 
toxicological facts and bring in one to whom 
the toxicological laboratory is a stranger. 
The amount of more detailed toxicological 
study which a product receives should be 
proportioned to its probable uses, to the 
degree of human exposure in its use, to the 
degree to which it reaches the consuming 
public, and to the magnitude and subtlety 
actual 


of its toxic effects. In advance of 


handling of the product, there should be 


obtained sufficient information to demon- 
strate the degree of care required to make 
that handling safe. 

The results of toxicological study should 
be widely disseminated within the specific 
industrial establishment, so that they are 
available to everyone who is responsible for 
safe handling and to everyone who makes 
decisions upon the sales and the future of 
the product. It is easy to reach the man 
who knows he needs toxicological opinion, 
but only constant vigilance will reach the 
man who is not aware of his need. Toxico- 
logical informs tion should be furnished to 
every customer, because the supplier is re- 
sponsible for seeing that the customer has 


the facts to allow safe use. The more direct 
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the contact between customer and toxicolo- 
gist can be, the less chance for distortion of 
information. Before a chemical is in general 
use, the toxicological facts referring to safe 
handling should be published in the medical 
literature. 

It is relatively simple to write a paper 
or to prepare and circulate a technical report 
giving the results of the toxicological study 
of a compound. The industrial physician 
may possibly form a true picture of his 
problem from this report. It is by no means 
simple to phrase the report in such a way 
that a chemist, an engineer, or a salesman 
will form from it a balanced picture of the 
hazards of using the compound. Numerical 
values for toxicity mean nothing without 
standards of reference and without knowl- 
edge of the probability of contact with hu- 
mans in a specific use. Communication with 
the nontoxicologist is most successful when 
it is phrased as a comparison with materials 
he already knows. One can say, “On the 
skin this new material is no more dangerous 
than ethylene glycol, which you already 
handle” or “You must prevent skin contact 
with this new material as carefully as you 
already do for the organic tin stabilizers.” 
An initial report on a new material may 
well begin with a summary which contains 
statements in comparative terms, such as the 
above, always directed at the sort of uses 
the material is expected to have. It may 
then go on to the detailed results obtained 
in the toxicology laboratory. No one need 
read these if his interest is only in the gen- 
eral conclusions. 

All of the foregoing refers to the newly 
available chemical. Most people are careful 
in handling a new chemical, whether or not 
they have been warned specifically of its 
possible toxicity. Despite the potential haz- 
ards of hundreds of new chemicals each 
year, most injuries from chemicals are due 
to those which have been familiar for a 
generation or more. It is important for the 
perspective of the toxicologist that he keep 
this fact well to the forefront of his mind. 
He must not neglect talking about the haz- 
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ards of the old standbys—lead, benzene, and 
chlorinated hydrocarbons, just because this 
week he discovered the horrifying action of 
something brand new. Part of his respon- 
sibility to industry is a continuing program 
of communication aimed at informing every- 
one of the means required to handle safely 
any chemical whatsoever. 

Another problem uniquely that of the in- 
dustrial laboratory is being the right size. 
The laboratory should have facilities to 
answer within a reasonable time any ques- 
tion likely to be asked. This calls for an 
organization, space, and supply of animals 
somewhat larger than can usually be kept 
occupied upon questions of immediate con- 
cern, in order to handle the profound or 
extensive problem which often arises. Staff 
members of research caliber do not remain 
content in the absence of puzzling challenge 
to their special skills. A solution is to 
allow each staff member freedom to pursue 
his own related interests, with the help of 
the rest of the staff, until such time as a 
problem requires his undivided attention. 
This is somewhat analogous to the research 
work expected of a faculty member whose 
chief job is teaching, although in the vary- 
ing program of an industrial laboratory it 
cannot be scheduled as detnitely as in the 
university. 

Contrary to what might be expected, 
secrecy is not one of the problems of an 
industrial laboratory. As with all other in- 
vestigational work, the experienced worker 
does not tell what he thinks he may be find- 
ing out until he has completed his studies 
and is certain of his conclusions. Common 
prudence restrains the toxicologist from 
premature disclosure. By the time he is 
certain of his conclusion, development has 
usually progressed to the point where dis- 
closure will not injure his industry’s com- 
petitive position. Once a study is completed 
and a product is ready to market, it is in 
the interests of everyone, industry and pub- 
lic alike, that the toxicological facts should 
become general knowledge. 
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One of the greatest scientific problems 
of any toxicology laboratory, not uniquely 
the industrial laboratory, is the question of 
joint toxic action. Is the new chemical 
under study simply additive in toxicity to 
those already being handled, or does it po- 
tentiate the effects of something already in 
the environment of some persons? There 
are as yet no rules for predicting potentia- 
tion. In the face of the insuperable task 
of testing a new chemical in combination 
with every other chemical, the industrial 
toxicologist, like his academic brother, usu- 
ally can do nothing except try a few 
particularly suspicious or frequent combina- 
tions. 


Summary 


In summary, over and above the question 
of sound technical methods, there are three 
outstanding problems of a toxicology lab- 
oratory working for industry which are 
absent or trivial in other toxicology labora- 
Its work must be paid for with 


tories. 


TOXICOLOGY 


LABORATORY 


profits, but it should have the freedom to 
study many compounds which will never 
earn a profit. In order to handle urgent 
problems expeditiously, its staff and facili- 
ties should be larger than can ordinarily 
be utilized fully. It should learn of the plans 
of research and development laboratories 
before these groups believe they require 
toxicological opinion, and it should see that 
toxicological data are in the hands of all 
who require these data in terms which are 
meaningful to the recipients, even when they 
do not recognize their need. Only when 
some approximation to the solution of these 
problems is attained is the industrial toxi- 
cology laboratory reasonably well fulfilling 
its functions. 


Mellon Institute, 4400 Fifth Ave. (13) 
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Spread of Particulate Contamination from Stacks 


WILLIAM B. HARRIS, M.S., New York 


Introduction 


The emission of particulate materials 
from chimneys and stacks has been recog- 
nized as undesirable for many centuries. 
Until very recently, however, the only par- 
ticulate material that had received attention 
had been that evolved from the combustion 
of organic materials. As early as the 14th 
century regulations had provided punitive 
action against persons polluting the atmos- 
phere with smoke from coal burning.' 

It was not until about 600 years later, 
however, that other particulates came to be 
recognized as adversely affecting our en- 
vironment. Unwanted materials in metallic 
ores found their way into smelter stacks, 
and although the greatest problem from 
such discharges has historically been sulfur 
dioxide, certain metals present in the ores 
serious 
pollution problems, especially in the vicinity 
of copper smelters. Lead, arsenic, and anti- 
mony have all been accused of affecting 
local flora and 


in small quantities have created 


fauna and in some cases 
have been suggested as causing injury to 
humans. When the particulate material dis- 
charged into the air is of a miscellaneous 
nature, or when the material is of low to 
moderate toxicity, permissible discharges of 
the order of 100 to 1000 Ib. per day are not 
unusual.” Materials of higher toxicity, such 
as lead, must be more limited. For example, 
100 Ib. per day of lead would be expected 
to create peak ground-level concentrations 
Received for publication Nov. 28, 1956. 
Industrial Hygiene Branch, Health and Safety 
Laboratory, U. S. Atomic Energy Commission. 
Presented at the Engineering Conference of the 
21st Annual Meeting of the Industrial Hygiene 
Foundation, Nov. 14-15, 1956. This 


appear in the Transactions of the 


Pittsburgh, 
paper will 
Foundation. 
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approaching the maximum permissible 
amount. On the other hand, when dealing 
with materials of unusual toxicity, it is 
sometimes to limit the total 
amount of stack emission to less than 1 Ib. 
per day and, in some cases, to an almost 
unweighable quantity. The specific toxicity 
of such a material as Sr®, for example, is 
about one million times that of lead. 


necessary 


Impact of Atomic Energy Industry 


Because of the very wide differences in 
permissible concentration, it can readily be 
understood why great refinements in proce- 
dures for evaluating stack effluents and their 
effect on the environment accompanied the 
development of the atomic energy industry. 
This industry, which has found it necessary 
not only to use materials of unusually high 
toxicity but also to abide within extremely 
rigid effluent specifications, was very early 
forced to evaluate potential environmental 
contamination in a way which brought into 
play all the skills of the aerodynamicists, 
metallurgists, physical chemists, and indus- 
trial hygienists. 

With the introduction of these materials 
of much greater hygienic concern, it has 
also been necessary to devise equipment and 
techniques which would permit evaluation 
of minute environmental changes and, more 
especially, arrival at rather accurate predic- 
tions of the behavior of a stack prior even 
to the beginning of operations. 

One of the most extensive early studies 
of this nature was carried out at the Han- 
ford Works of the AEC while it was still 
being operated by the Du Pont Company. 
At that time, prior to 1945, the available 
literature was such that in a report on his 
work at Hanford, presented in 1949, Church 
made the following statement: “It was de- 


SPREAD OF 


cided to study this problem in the field be- 
cause of the scanty literature dealing with 
the amount of dilution 
from stacks 


that waste gases 


industrial undergo.”* The 
study, which involved the erection of a 
200 ft. stack and ancillary recording me- 
teorolcgic equipment, used an oil-fog gen- 
erator to produce a particulate smoke which 
could then be measured by means of a 
The in- 
formation derived from this study was ex- 
tremely designing the later 
operations of the Hanford plant. Similar 
work has since been conducted at Brook- 
haven, Oak Ridge,* and Savannah River.® 

Out of these studies came several very 


photoelectric vapor densitometer. 


useful in 


ingenious instruments and techniques to 
assist in the description of the atmosphere 
and of its effect on the fall-out of particu- 
lates. These techniques, together with field 
studies using some sort of tracer material 
or chemical identifiable in extremely small 
quantity, have resulted in the accumulation 
of considerable data on the behavior of a 
particle which is discharged from a plant 
stack. Much work still remains to be done, 
but we have come a long way. In the subse- 
quent paragraphs I will try to describe 


PARTICULATE CONTAMINATION FROM 


STACKS 


some of the advances and define the present 
state of the art. 


Application of Theoretical Formulae 


Most of our theoretical considerations in 
this work are based on British research in 
the theory of atmospheric diffusion, which 
largely dates back to some original work 
published by Bosanquet and Pearson dated 
1936. Theoretical equations were devised 
by Bosanquet and later modified by him 
and by O. G. Sutton. These have been used 
as fundamental considerations in innumer- 
able field studies. The theoretical equations 
provide a means for estimating the concen- 
tration at a given point on the ground if 
the total amount of material discharged into 
the atmosphere per unit of time is known, 
together with certain constants which de- 
pend on the conditions of meteorology. 
Figure 1 presents the equations of Sutton.? 

The fact that the para- 
meters which occur in these formulas will 


meteorologic 


vary with location and with time increases 
the difficulty of their application. In Table 
1 there may be seen the relationships be- 
tween predicted and measured values, as 
reported by Gosline.® 


CONTINUOUS POINT SOURCE - GASEOUS EFFLUENT 


Vi 


dmax. 


2-n=1.5-1.7 

C* =0.2-0.05 

h = Stack height (meters) 

0.8-0.9 


Xmax= Maximum ground level concentration. (mg /M3) 


dmax.= Location of maximum concentration. (meters) 

u=Wind velocity (meters/sec) 

Q=Quartity of pollutant discharged (m/sec) 
Figure 1 


Harris 


h 
= 
ime 
HY) 
duax=()* 
Cc 
X max.= om 
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TABLE 1.—Predicted vs. Measured Concentrations 


Sample Group Bosanquet Sutton Church Measurement 


0.35 0.80 1.10 0.46 


0.24 0.39 0.16 0.20 


0.14 
0.26 
0.23 
Weighted av. 0.22 


* Not included in average 


Recent work has shown that the uncer- 
tainties imposed by an estimation of the 
value of these constants is not as great as 
was formerly An_ exhaustive 
study which was carried out at Brookhaven 


supposed. 


over several years has shown that it is pos- 
sible to classify weather at a given location 
into a relatively few categories and that it 
is not unusual for one or two of these cate- 
gories to predominate for a very significant 
portion of the time.® For example, at 
Brookhaven it was found that one set of 
conditions covered 42% and another ac- 
counted for another 40% of all hours (Fig. 
2). Thus, two readily definable weather 
types existed for approximately 80%-85% 
of all the time, thereby permitting a rather 
good estimate of average conditions. 


0.76 0.41 
0.43 0.25 
0.28 0.51 


0.55 0.39 


Sampling Time 


Another aspect of the work which has 
been done at Brookhaven has to do with 
the length of time it is necessary to sample 
in order to arrive at the kind of values 
which might be predicted by the usual dif- 
fusion equations.’° This work clearly dem- 
onstrated how the random wandering of a 
smoke plume creates a situation wherein the 
maximum concentration does not exist at 
any one point for more than a matter of a 
few seconds. Inasmuch as the concentration 
gradient through the smoke plume in the 
Y and Z directions is a minimum at the 
edge and goes through a maximum at the 
center to a minimum at the other edge, it 
is obvious that any prediction of maximum 


FREQUENCY OF GUSTINESS CLASSES 


VERY LIGHT WINDS, 


LIGHT WINDS, 


PRONOUNCED UNSTABILITY 


PRONOUNCED UNSTABILITY 


= MODERATE WINDS, MODERATE UNSTABILITY (USUAL DAYTIME) 


MODERATE TO STRONG WINDS, 


= WIDE RANGE OF WINDS, 


NEUTRAL STABILITY 


PRONOUNCED STABILITY (USUAL NIGHTIME) 


50 


PERCENT 


FREQUENCY 


Bo 


Figure 2 
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concentration can refer only to the central 
core of the cloud. As this cloud snakes back 
and forth or loops up and down, as is usual, 
it is obvious that the concentration at the 
ground at any one point (which is, in fact, 
what is usually measured) is going to be 
significantly less than the maximum pre- 
dicted value, even presuming a unidirection 
wind. With a shifting wind this is further 
exaggerated. 

I do not mean to indicate that instantane- 
ous maximum concentration values have no 
meaning, because, of course, in certain 
circumstances these values may well define 
the hazard. If one deals with a material 
which may be lethal, damaging, or very 
obnoxious at high concentrations, even for 
very short periods, it is important that such 
concentration never exist, and one should 
be able to predict instantaneous values. 
This, by the way, is a situation which 
plagues the nuclear-reactor-site seiectors. 
On the other hand, where inhalation of the 
material lead to intoxication, 
concentrations in the air 


can chronic 


average assume 
importance. If the material might enter the 
biological cycle, either deposition or aver- 
age concentrations are significant. 

Smith has indicated that samples of less 
than one hour’s duration will give erroneous 
values, signifying neither the maximum nor 
the average. The approximate magnitude 
of the differences can be seen in Table 2. 
A sample taken for less than 3 seconds 


appears to indicate between 10 and 20 times 
more than would be found in a sample ob- 
tained 


* Thus, here are 
two major refinements in the definition of 


the diffusion relationships: 


ver 30 minutes. 
first, a means 
for reducing the uncertainty of the meteor- 
ologic device 
which will permit one to estimate concen- 
trations which will, in 


parameters and, second, a 
found on 
the ground as different from those which 


fact, be 
exist only in the core of the smoke plume. 


Deposition 


It is important to note at this point that 
all the early work was confined to establish- 
ing ground-level concentrations, while the 
introduction of the concept of particles 
necessitates another type of parameter—this 
is deposition. Deposition is important from 
two aspects: It influences the concentration- 
distance relationship, because the cloud is 
continually being depleted, and, further, ma- 
terials which deposit on the ground are 
available to find their way into ecological 
cycles through the natural weathering proc- 
esses. In other words, none is lost from 
the immediate vicinity, as gases are lost by 
dilution. 

Work which was done by Johnstone et al. 
at the University of Illinois ™ has given us 
a clue as to the effect of the free fall of 
particles on the diffusion equation. These 
workers modified the equations of Sutton to 


TABLE 2.—E ffluent Dilution 


Meteorologic 


Distance from 
Condition 3 


Stack Ht., Ft. 
Unst. 0-6.... 

Unst. 

Unst. 

Neut. 


Neut. 


Weighted av. 


After Gosline, Chem. Eng. Prog. 48:169 (April) 1953. 


B, 5-20 


After Smith 


Harris 


Approx. Dilution 
Time of Averaging, Min 


Concentration 
5.0 


Tests, — 
No. > 30 >3 >0.2 
y 5.000 1,000 150 
~ 3, 300 50 
23 3,500 700 100 
12 3,500 500 300 
10 19 2.000 400 60 
3,400 600 130 
14 1.8 12.8 
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Terminal 
velocity 
(cm/sec) 


TERMINAL VELOCITY 
AS A FUNCTION OF 
PARTICLE SIZE 


Specific 


| 


1.0 10 


103 104 


Diameter of particle (microns) 
Figure 3 


include the 
Stokes’ law. In Figure 3 one can see how 
settling is affected by the size of the par- 
ticle. Obviously, when a particle is smaller 
than about 10,, the effect of settling velocity 


terminal velocity concept of 


-Ton /Day 


largely disappears, and the particle behaves 
substantially as a gas. 


In a very fine treatment of the general 


subject the U. S. Weather Bureau * has 


collected much of the work done to date and 


GROUND LEVEL CONCENTRATION AT 
CENTER LINE OF CLOUD. 


/FP 


| 


3 
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° 
° 
w 


° 
N 
== 


Ground level corcentrat 


Distance from source, yards 


After Baron ¢ctal. 


Figure 4 
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EFFECT OF ATMOSPHERIC CONDITIONS 
ON GROUND LEVEL CONCENTRATIONS 
AT CENTER LINE OF CLOUD. 


Ground level 
concentration 
Mg/F -Ton/Day 


vor 


1 2 
Distance frorm source, 1000 yards 


After Baron etal. 


Figure 5 


has presented modifications of the Sutton 
equations, defining deposition by fall-out 
and rain-out. In Figure 4 there may be 
seen the comparative effect of fall-out on 
clouds containing gases and particles of vari- 
ous size. The changes that are introduced by 
the presence of particulate materials are as 
follows: The concentration 
higher; it would exist significantly closer 
to the point of discharge ; material would be 
deposited on the ground, while the more 
remote points would have less concentration 


18 


maximum 


and, therefore, less deposition. In Figure 


5 is shown the degree of modification which 
may be caused during various conditions of 
meteorology. 

A factor which has been given little em 
phasis before this, and which appears to 
be assuming greater importance, is “wash- 
out” by rain. Chamberlain has gathered 
considerable information on this subject, 
and in Figure 6 one can see how this may 
be expected to affect a given situation. Ac- 
cording to this presentation one might ex- 
pect that during a rainfall of 0.3 in. per 
hour all particles above 20” diameter would 


EFFECT OF PARTICLE SIZE ON RAIN-OUT 


Percent of 
cloud 
deposiled 


per minute 


| 
12 


| 
16 


36 40 


20 24 26 32 


Diameter of particle (microns) 


Figure 6 


Harris 


0.08 
0.07 
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N=0.60 
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| 1=0.17 
‘ 
8 
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Rate of 
deposition 
per (meter)* 
per second 


\ A=\x 
from unit source \ A=3xl0 “sec" 
in wind of 5m/sec. 
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DEPOSITION DIRECTLY DOWNWIND 
OF GROUND LEVEL SOURCE 


Deposition 
in rain: 


\ A=6x!O4sec! 
10? + 
Deposition by terminal \ 


velocity, impaction or \ 1 3 

diffusion: Vg=2 cm/sec 


i 
\ 
\ 
\ 
\ 


i | 


10 104 


105 
Distance in meters. 


After Chamberlain. 
Figure 7 


103, 


DEPOSITION VERSUS DISTANCE 


-4Vex™ 
Deposition per foot = 


Furr 
3.39 x22 € 


Deposition 
(tons/ton/foot) 


SN 


Plant 
Plant B \ 


l 
10% 103 104 
Distance from stack, X (feet) 


Figure 8 
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be washed out at a rate of about 10% per 
minute, or, to put it another the 
cloud would contain substantially no par- 
ticles greater than 20 about a half-hour 
away from the stack. At a wind speed of 6 


way, 


miles per hour the 20p particles would be 
on the ground within 3 miles. If one may 
hazard an extrapolation, one would gather 
that during a rain of 1 in. per hour all the 
material would be deposited within 100 
minutes. 

Chamberlain has also studied the effects 
of fall-out and of the deposition of solid 
particles and gaseous materials with and 
without precipitation. In Figure 7 there is 
seen a plot of the relative deposition rates 
of various particle-size materials under dif- 
ferent conditions of meteorology. 


Long-Term Deposition 


A very interesting study which was car- 
ried on by our group involved an estimation 
of the long-term deposition of material dis- 
charged from two industrial sites." 
was done to define not only the validity of 
the diffusion equations and the practical 
effect of this entire concept on ground 
deposition but also to study the effects of 
weathering on slightly soluble compounds, 
such as metal oxides, which may be expected 


This 


to be discharged from metallurgical plants. 
The industries which were studied had been 
in operation for many years, discharging 
at decreasing but known rates throughout 
this period. Samples of the soil taken from 
around the plants were analyzed and plotted. 
In Figure 8 the result of this study is seen. 

It is interesting to note that an application 
of the theoretical formula proposed by 
Chamberlain to these effluents would have 
yielded qualitative information which would 
differ relatively little from the field data, 
despite the fact that the theoretical formula 
assumes a single wind direction whereas 
the data indicate fairly uniform distribution 
around the clock. It is also interesting that, 
if one were to assume that the entire quan- 
tity of material which was discharged from 
the stack fell out and still resided in the 


Harris 


soil, the quantitative application of theory 
would yield a value less than one order of 
magnitude different from that which was in 
fact found. I should like to point out that 
these were drawn from a limited 
number of points, and the rest filled in by 
extrapolation. 


curves 


No samples were obtainable 
within 500 ft. of the plant because of build- 
ings and pavement. However, the extra- 
polation would indicate that the field data 
differ from the theoretical in that the slope 
of the curve is steeper, the maximum point 
of deposition occurs earlier, and: the quan- 
tity of maximum deposition is greater. 

An examination of the theoretical equa- 
tion, which is based on average conditions, 
reveals that there are three major meteoro- 
logic conditions which are not taken into 
account in the extrapolation. Each one of 
these would tend to shift the 
curve in precisely the manner which the 
data seem to indicate. 


conditions 


These conditions are 
precipitation, winds of zero velocity or 
calm, and higher than moderate winds which 
would create severe downwash of effluents 
through short stacks. If one can presume 
the extrapolations which were used, it would 
appear that, of the total discharged material, 
30% is still residual in the soil and only 


70% has been lost by dissolving, by penetra- 


tion beyond 6 in., by weathering by wind, 


and by deposition beyond a mile. 


Effect of Local Disturbances 


All the theoretical considerations must of 
necessity disregard purely localized disturb- 
ances, as, for example, the effects of topog- 
raphy and buildings. In many cases these 
factors can exert a profound effect on rela- 
tive ground-level concentrations. Some 
advances have been made in the direction of 
elucidating the effects of specific disturb- 
ances. Large wind tunnels, such as the one 
at New York University, are capable of 
duplicating many factors which will tend 
to influence the situation at the ground. 
Scale models placed in such a tunnel can 
aid in the layout and design of a plant. 
Efforts to reproduce common micrometeoro- 
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logic conditions within the tunnel have had 
questionable success to date, but work in 
this direction is proceeding. 

To sum up, then, I believe it may be 
said with some confidence that mathematical 
tools are now available for the prediction 
of the following items with a reasonable 
degree of confidence, assuming that one 
knows the amount of material which is 
discharged during any given period of time: 

(1) The point at which the maximum concentra- 
tion can be expected to occur on a short- 
term basis. 

(2) The average concentration which will exist 
at this point. 

(3) The concentration which will exist at any 
point downwind from the point of dis- 
charge. 

The amount of material which will be built 
up in the soil owing to a known rate of 
discharge over a known period of time. 

Once these are known with some accu- 
racy, it is possible to design gas cleaning 
and stack equipment which will bring any 
of these items to within a permissible value. 

After defining the areas wherein we have 
some confidence in our predictions, it is 
probably worth while to review some of the 


gaps in our knowledge. 


1. No method other than careful long-term ob- 
servation is available to permit classifying 
an area according to meteorological types and 
thereby reduce the error inherent in our cal- 
culations. 

. Very few field data are available to correlate 
the ground-level particulate concentration with 
deposition. 

. There are very few field data to verify the 
rate of cloud depletion by fall-out. 

. The compound effect of rain-out and fall-out, 
together with the influence of plume height, 

This could be a 

very important consideration in the event of 

incident. 


remains to be demonstrated. 


a serious nuclear 

. There is almost no information on the par- 
ticle-size distribution of material in a smoke 
plume or on the ground relative to the dis- 
tribution in the effluent. 


Summary 


A summary is presented of recent ad- 
vances in the prediction of particulate con- 
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centration and elevated 


point sources. 


deposition from 
This 
approximating average concentrations and 
An analysis is 
given of the status of knowledge of the 
deposition of particulates by free fall and 
wash-out by rain. Results are also presented 


includes means for 


meteorologic parameters. 


from two long-term deposition studies of 
the accumulation of materials in the ground 
from stack discharge. The results of the 

some deviation from the 
that the deposition curves 
have a steeper slope and a higher maximum 
occurring closer to the stack than theory 
would predict. 


studies indicate 


theoretical in 


Health and Safety Laboratory, U. S. Atomic 
Energy Commission, 70 Columbus Ave. (23). 
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Neuroses and Compensation 


Il. A Statistical Study of One Hundred Consecutive Psychiatric Admis- 
sions to a Veterans’ Administration Hospital 


ALEX D. POKORNY, M.D., and FLOY J. MOORE, M.D., Houston, Texas 


We have undertaken the task of evaluat- 
ing the effects of compensation on prognosis 
in psychiatric conditions, particularly neu- 
roses, and on response to psychiatric ther- 
apy. We have felt that, if compensation 
interferes significantly with therapy or 
adversely affects the prognosis, this should 
show up clearly in a comparative study. 
On the other hand, if no differences 
could be demonstrated, this would likewise 
be of interest and would raise some doubts 
about the source of strong convictions ex- 
pressed in this area.! 

On the psychiatric wards of a Veterans’ 
Administration Hospital we encounter pa- 
tients who are service-connected, i. e., re- 
ceive monetary compensation and other 
benefits for having developed or had ag- 
gravated an illness in military service, and 
patients who are not service-connected. Our 
long-term plan is to select groups from 
these two categories, matched in important 
respects, for comparison purposes. 

As an initial step we have studied inten- 
sively 100 consecutive admissions to the 
psychiatric wards of this hospital, admitted 
between Jan. 1, 1951, and Feb. 28, 1951. 
This study was exploratory, so that various 
characteristics of the patients’ background 
and experience were studied, even though 
some are not directly related to compensa- 
tion. This initial study is the basis for this 
descriptive report. 
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Method 


One hundred consecutive admissions (in- 
cluding transfers from other services) to 
the psychiatric wards of this VA General 
Hospital were selected as the sample. The 
cases were studied, after sufficient time had 
elapsed for all of them to be discharged 
from the hospital, by a perusal of their hos- 
pital clinical records and by study of their 
claims folders (which usually contain copies 
of their military medical record, their phys- 
ical on enlistment and dis- 
charge, a summary of each VA hospitaliza- 
tion, a copy of each rating examination, as 


examinations 


well as correspondence from and in behalf 
of the veteran). 

After studying each case thoroughly and 
“steeping” ourselves in the material of each 
case, we tried to answer the following, some 
of which are fairly clear-cut and objective 
and some of which represent opinion and 
judgment. 


Admission date; discharge date; service-con- 
nected marital status; age; race; 
branch of military service; whether or not over- 
seas, with duration and dates; whether or not in 
combat, with duration and dates; work record, in- 
cluding regularity of employment and any change 
before and after service; education attained; com- 
pensation or pension history, including changes; 
admissions to this hospital and to other hospitals 
for psychiatric condition; diagnosis in service, if 
any; diagnosis reached at the conclusion of present 
hospitalization; a totaling of the claims and letters 
requesting service-connection or increased compen- 
sation, including number of appeals of rating, ap- 
peals to elected representatives and government 
officials, affidavits from friends, affidavits from 
physicians, and our estimate as to whether com- 
pensation represented an ulterior motivation for 
hospitalization, whether compensation appeared in 
resistance to treatment, whether compensation was 


disabilities ; 


NEUROSES AND COMPENSATION 


a conscious and openly discussed factor, whether 
patient made statements outside the hospital, about 
using his illness to excuse failures or personal 
deficiencies, and a guess as to whether compensa- 
tion was of major, moderate, minimal, or no im- 
portance in the case. 

The sample of 100 consecutive admissions 
included 43 persons who were service-con- 
nected for a psychiatric disorder, 18 persons 
who were not service-connected for a psychi- 
atric disorder but were service-connected for 
something else, 36 persons who were not 
service-connected and drew no compensation 
or pension, and 3 persons who were not 
service-connected but drew non-service-con- 
nected total disability pensions. Since these 
last three persons were all older World War 
[ veterans, who were not typical of the 
group, and since there were only three such 
persons, too small a number to permit re- 
liable these simply 
dropped out of most of the comparisons ; 
thus, the final sample consisted of 97 pa- 
tients. 


comparisons, were 


We then attempted to see if any of these 
items were correlated with service-connected 
status, with open- vs. closed-ward admission 
(whether the patient required locked ward 
care at time of admission), and with main 
diagnostic category. This was done largely 
by means of tables, in which the groupings 
along one dimension would be as follows: 
(1) “service-connected for psychiatry” 
other” 
(SCO), and “no service connection or pen- 


(SCP), “service-connected for 


sion” (none)—with certain of the items, 


‘ 


the middle group or “service-connected for 


other” would be eliminated so as to heighten 


the contrast between the other two groups; 
(2) 
ward admission”; (3) psychotic reaction,” 
“psychoneurotic reaction,” and “personality 
disorder.” 


“open-ward admission” and “closed- 


Since 19 items were run against 
these three groupings, this meant that we 
constructed about 57 such tables. Most of 
them showed no noticeable deviation from a 
random distribution and will not be repro- 
duced. We have selected for inclusion here 
the tables that showed any considerable de- 
viation from a uniform distribution, either 
on the basis of simple inspection or in terms 
of percentages, or in some of the more com- 
plex tables on the basis of a chi-square test 
considered 
appropriate to run more rigid tests of sig- 


of significance. It was not 
nificance, since this is primarily a descrip- 
tive report and no hypothesis is being put 
to the test. 


Results 


The final sample of 97 patients were 


grouped as follows: 38 open-ward admis- 
sions and 59 closed-ward admissions; diag- 
nostically, there were 49 psychotics, 22 
psychoneurotics, 2 neurological conditions 
( post-traumatic encephalopathy without psy- 
chosis), and 24 personality or character dis- 
orders (including primary alcoholism). 

1. Days Duration of This Hospitaliza- 
tion —The mean average was 52 days, and 
for the closed-ward patients it was 87 days. 

Table 1 represents an analysis of length of 
hospital stay according to service-connected 
status. 

It will be noted that the service-connected 


(SC) patients had relatively more short 


TABLE 1.—Days’ Duration of This Hospitalization 


Service-Connected Status 


(Service-connected for psychiatric condition) 


(Service-connected for other than psychiatric condition) 
None... 


(No service-connected disability and no pension) 


Pokorny— Moore 


71 Days & 


1-20 Days 21-70 Days Over 


18 13 12 


43 
sco a phetawie 7 7 4 18 
16 16 36 
29 36 32 97 
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TABLE 2 


Days’ 


Principal Diagnostic Category 
Psychotic 
Psychoneurotic 
Personality disorder 


Total__... 


hospitalizations than the other group. This 
finding was unexpected, since it appears to 
go against the general impression that serv- 
ice-connection interferes with treatment. It 
will be shown later that this might be ex- 
plained by the fact that SC cases have had 
more hospitalizations. 

When the duration of hospitalization was 
run against open-ward or closed-ward status, 
there was no noticeable relationship. 

Table 2 shows the days’ duration of this 
hospitalization as tabulated against the prin- 
ciple diagnostic category. The patients with 
long hospitalizations are predominantly in 
the psychotic group. 

2. Marital status—Of the 97 patients, 33 
were married for the first time; 8 were 
married for other than the first time; 32 
were single; 22 were divorced, and 2 were 
widowed. 

None of the following appeared to be re- 
lated: marital status and service-connected 
status; marital status and open-ward vs. 
closed-ward admission, and marital status 
and principal diagnostic category. 

3. Age-——The mean average age of the 
service-connected patients was 33% years, 
and that of the non-service-connected group 
was 35% years. 

Age failed to show a significant relation- 
ship with service-connected status, with ad- 
mission to an open or closed ward, or with 
principal diagnostic category. 


TABLE 3.—Race in Relation 


Juration of This Hospitalization 


71 Days & 

1-20 Days 21-70 Days Over Total 
25 
6 
1 


34 32 
2 neurological cases excluded) 


4. Race.—Our sample of 97 contained 82 
white and 15 Negro patients. Race showed 
some relation to service-connected status as 
shown in Table 3. 

It will be noted that the Negro patients 
fall almost entirely into the service-con- 
nected categories. 

The 82 white and 15 Negro ratio in this 
table (84.5% to 15.5%) compares with a 
sample of 771 consecutive admissions for the 
entire hospital, taken at a more recent date, 
showing 74.4% white admissions to 25.6% 
Negro. 

There was no significant relationship be- 
tween race and open- vs. closed-ward admis- 
sion or between race and principal diag- 
nostic category. 

5. Branch of Service—Our sample of 97 
patients contained 75 veterans of the Army 
(including Air Forces and Air 
Force), 14 veterans of the Navy, 5 Marines, 
2 unknown, and 1 who had been in both 
the Army and the Navy. 
of did not show any 
significant relationship to service-connected 
status, to closed-ward 
sion, or to final principal diagnostic category. 

6. When in Service—The 97 patients 
served as follows (wartime service given 
preference in listings): 5 in World War I; 
2 between World War I and World War II, 
and 90 during World War II. The small 
number of other than World War II vet- 


Army 


3ranch service 


open- vs. admis- 


to Service-Connected Status 


Service-Connected Status 


White Negro 
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Total 
SCP 35 8 43 
8CO.._.. 13 5 18 
None 34 2 36 
Total 82 15 97 
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Service-Connected Status 


None__._. 


Total___. 


erans did not permit any meaningful com- 
parisons to be made in terms of this factor. 

7. Months in Service-—This was calcu- 
lated for the World War II veterans only, 
since conditions would not otherwise be com- 
parable. The number of months of military 
service did not show a significant relation- 
ship to service-connected status, to open- 
ward or closed-ward admission, or to 
principal diagnostic category. 

8. Overseas Duration—Comparison was 
limited to the 90 World War II veterans, 
since otherwise the conditions were not com- 
parable. Of these 90 patients, 22 had been 
overseas for 17 months or longer; 25 had 
been overseas for 1 to 16 months; 12 had 
been overseas for an unknown length of 
time ; 28 had no overseas duty, and 3 were 
unknown. Having been overseas or duration 
of overseas assignment did not relate sig- 
nificantly to open- or closed-ward status, to 
principal diagnostic category, or to service- 
connected status. 

9. Combat Duration.—Comparisons with 
this item were limited to the 90 World War 
Il veterans. It turned out that actual du- 
ration of combat was extremely difficult to 
ascertain, since most records showed contra- 
dictions, and we eventually limited ourselves 
as to whether or not the person had had 
combat. Of the 90 World War II veterans, 
24 had had combat; 58 had none, and for 8 


TABLE 4.—Relation of Work Record to Service-Connerted Status 


Regular 


Spotty No 
Employment 


Employment Employment 


this was unknown. The presence or absence 
of combat did not relate significantly to serv- 
ice-connected status, to open- or closed-ward 
admission or to principal diagnostic cate- 
gory. 

10. Work 


placed in one of three groups after a com- 


Record—Fach veteran was 
plete survey of his records: “regular em- 
ployment”; “spotty employment,” or “no 
employment.” This did not relate signifi- 
cantly to open- or closed-ward status. How- 
ever, it did show a noticeable relationship to 
service-connected status in that those with 
no service-connection tended to have worked 
regularly and those with service-connection 
tended to have had irregular or no employ- 
ment (Table 4). 

The related to 
principal diagnostic category in that most of 
the patients with no 
psychotic (Table 5.). 


work record also was 


employment were 

Table 6 is a tabulation of the psychotics, 
service-connected (SC) vs. non-service-con- 
nected (NSC), in relationship to work 
record. 

11. Change in Work Record.—After a 
perusal of all records available on each pa- 
tient, we classified each one as having (1) 
better work record (after service than before 
service), (2) approximately same work 
record, and (3) poorer work record. The 
criteria used were largely the regularity of 


Principal Diagnostic Category 


Personality disorder 


TaBLe 5.—Relationship of Work Record to Principal Diagnostic Category 


Regular 


Spotty 
Employment 


Employment 
12 9 
4 1 
9 1 


25 


59 
(2 neurological cases excluded) 


Pokorny—Moore 


NE 
SCP ; 7 29 7 43 
sco 9 4 18 
Pt 14 22 0 36 
26 60 il 97 
Total 
49 
22 
: 
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TABLE 6.—Relationship of Work Record to Service Connection in Psychotics 


Service-Connected Status 


Psychotic (SC)_______ 
Psychotic (NSC)____._- 


Total 


employment, though occupational level, in- 
come, etc., were also considered. Of the 97 
patients, 13 had no employment prior to 
service and therefore could not be classified. 

Change in work record did not show re- 
lationship to principal diagnostic category. 

Change in work record correlated marked- 
ly with status in that 
those with a poorer work record tended to 


service-connected 


fall in the service-connected groups. It was 
the service-connected-for-a-psychiatric-con- 
dition group that accounted for most of the 
poorer records (Table 7). 


Spotty 


Regular 
Employment 


Employment 


No 
Employment Total 
14 
12 


5 
0 


21 


2 
8 20 


10 26 5 41 
(8 psychotics who fell in the SCO category are omitted) 


those with no employment prior to service 
were younger by an average of almost 10 
years (Table 8). 

12. Educational Level.—The highest grade 
attained could not be determined from the 
records in 16 of the 97 patients. Of the 
other 81 patients, 29 had completed 1 to 8 
grades, 36 had completed 9 to 12 grades, and 
16 had completed more than 12 grades (col- 
lege). The college men were about equally 
divided among the SCP, SCO, and None 
groups. A comparison of the grade-school 
and high-school groups did show some rela- 


TaBLe 7.—Relationship of Change in Work Record to Service-Connected Status 


Service-Connected Status 


Total 


The 11 veterans who had had ro em- 
ployment prior to service fell into categories 
as follows: service-connected for psychiatry, 
1; service-connected for other, 2, and no 
service connection, 8. 

Since it appeared likely that having had 
no employment prior to service was a func- 
tion of age, we calculated the mean average 
of each group, limiting it to the 88 men who 
had been in service in World War II only. 
This confirmed the prediction, showing that 


Better Poorer 
25 
7 
3 
35 


tionship to service-connected status, with 
relatively more of the service-connected pa- 
tients having had only a grade-school edu- 
cation (Table 9). 

Educational level did not show a signifi- 
cant relationship to open-or closed-ward 
status or to principal diagnostic category. 

13. Trend in Compensation.—Each vet- 
eran who had a service-connected disability 
(psychiatric or other) was placed in one of 
three categories, “rising,” “same,” or “fall- 


TaBLe 8.—Relationship of Preservice Employment to Service-Connected Status, 


Including Mean Average Ages 


Service-Connected Status 


No Employment 


Prior to Service 


37 


(Av. age=33.9) age=33.7) 


2 18 20 
age=21) age=33.1) . age=31.9) 


8 22 30 
age=25.1) age=35.3) age=32.6) 


ll 88 
age=24.4) age=32.9) 


7 
age=34.1) 
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= 
Total 
SCP 42 
16 
None 26 
M4 
Employed Prior 
PE to Service Total 
(Age 26) 
(AV 
(AV 
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TABLE 


Service-Connected Status 


None 


ing,” depending on whether the general trend 
in percentage of compensation was up, level, 
or down. This type of grouping did not 
differentiate significantly those 
service-connected for a psychiatric condition 


between 


and those service-connected for some other 
condition. It did differentiate between open- 
ward and closed-ward in that 
those admitted to closed wards tended to 
have had a rising trend in compensation, 
while those admitted to open wards tended 
to have had a falling trend (Table 10). 


admissions 


TABLE 10.—Relation of Trend 


Type of Ward to Which Admitted 


Open-ward admissions 


Closed-ward admissions_- 


The trend in compensation was not re- 
lated significantly to present major diagnos- 
tic category (only those service-connected 
for a psychiatric condition were included in 
this analysis). 

14. Present Percentage of Compensat- 
ing.—This did not differentiate significantly 
between the service-connected for psychiatry 
and the service-connected for other groups 
or between the open-ward-admission and the 
closed-ward-admission groups. 

15. Total Number of Hospital Admis- 
sions.—Unfortunately, the total number of 


9—Relationship of Educational Level to 


1-8 


Service-Connected Status 


Grades 9-12 Grades 


18 
(60%) 
6 


(27% 


12 
(40%) 
16 
(73%) 


28 
(54%) 


24 
(46% 
hospital admissions could not be determined 
reliably in 20 of the 97 patients. Among the 
remainder there was a significant tendency 
for the service-connected cases to have had 
more hospital admissions (Table 11). 

The total number of hospital admissions 
did not show a significant relationship to 
open-ward vs. closed-ward admissions or to 
principal diagnostic category. 

16. Diagnosis in Service -—As would be 
expected, there was a significant relationship 
between the diagnosis given each man in 


in Compensation to Open- or Closed-Ward Admission 


Compensation 


Rising Same Falling 


12 


(2 unknown 


his 


connected status, almost all the service-con- 


military service and present — service- 


nected for psychiatry patients having 
received a psychiatric diagnosis in service 
(Table 12). 

The principal category of diagnosis (psy- 
chiatric, nonpsychiatric, or none) made in 
the military service did not show a signifi- 
cant relationship to open- or closed-ward 
admission or to principal psychiatric diag- 
nostic category now (psychosis, neurosis, or 
personality disorder). 


TaBLe 11.—Relationship of Total Number of Hospital Admissions to Service- 


1 
Service-Connected Status Admission 
SCP..... 


Pokorny—M oore 


Connected Status 


2-4 
Admissions 


5 Admissions 
& Over 
14 
3 


28 


Total 
30 
22 
= Total 
. 3 10 25 
16 7 11 34 
Total___.. 19 19 21 59 
Total 
36 
15 
26 
Total____. 22 = 27 7 
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TABLE 12.—Relationship of Diagnosis in 


Service to Service-Connected Status 


Medical or 


Neurological 
Diagnosis in 
Service 


Service-Connected Status 


17. Present Diagnosis ——When the psy- 
chiatric diagnoses made during the present 
admission were grouped into three main 
categories (psychosis, neurosis, or personal- 
ity disorder), they showed no significant 
relationship to service-connected status (serv- 
ice-connected and  non-service-connected 
groups had about the same proportion of 
each). As would be expected, present diag- 
nosis was related significantly with open-or 
closed-ward admission, psychotics being ad- 
mitted predominantly to closed wards and 
neurotics to open wards (Table 13). 


Psychiatric 
Diagnosis 
in Service 


No Diagnosis 


in Service Total 


38 2 
1 
24 


43 27 
(Service data not available on 10 patients) 


for Hospitalization——Each case was gone 
over, and an attempt was made to estimate 
these factors. In the absence of any objec- 
tive data, this turned out to be very difficult. 
We feel that we tended to project our own 
bias into the estimates, so that they are of 
dubious value. 

An estimate was made in each case as to 
whether compensation (desire to increase 
percentage of rating, desire to establish 
claim, etc.) was an ulterior motive for hos- 
pitalization (29 yes, 68 no), and this did not 


relate significantly to service-connected 


TABLE 13.—Relationship of Open- or Closed-Ward Admission to Principal 
Diagnostic Category 


Type of Ward to Which Admitted 


Psychosis 


Open ward__. 
Closed 


Total____. 


18. Appeals and Affidavits —An analysis 
of the records of each veteran in terms of 
appeals of rating, appeals to elected repre- 
sentatives and government officials, affidavits 
from friends and family, affidavits from 
physicians, etc., showed no significant re- 
lationship of any of these to service-con- 
nected status. 

It is of interest to note that only 8 of the 
97 men had never filed a claim for disability. 

19. Compensation as a Factor in Resis- 
tance to Treatment and as Ulterior Motive 


14.—Compensation Thought to Be 


Personality 
Disorder 


Neurosis 
19 
3 


22 


(5 had diagnoses in other categories) 


status. Similarly, we estimated whether 
compensation was a conscious factor in the 
case (did patient talk about claims, make 
requests, etc?); 54 patients were grouped 
under “yes” and 43 under “no”; this did 
not relate significantly to service-connected 
status. 

We estimated that in 32 of the 97 cases 
compensation was an “unconscious” resis- 
tance to treatment, as judged by course in 


hospital, remarks in the charts by therapists, 


“Unconscious” Resistance to Treatment 


Service-Connected Status 


Total 
43 
18 
36 


97 
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| 
SOP........ 1 41 
sco. 13 16 
None... 3 
— | Total 
43 il 57 
TABLE 
ee Yes No 
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15.—Relationship of Alcoholic 


Symptoms to Principal 


Diagnostic Category 


Principal Diagnostic Category 

Personality disorder 


etc. This was predominant in the service- 
connected groups (Table 14). 

20. Other Studies with the Data—With 
regard to the veterans who were service- 
connected for a psychiatric condition, there 
was no significant relationship between trend 
in compensation (rising, same, or falling) 
and change in work record (better, same, or 
poorer). Neither was there any significant 
relationship between trend in compensation 
and 


regularity of employment (regular, 


spotty, or no employment). Again, with 
these same cases, there was no significant 
relationship between educational level and 
regularity of employment. 

We studied the records of each patient 
for any history of difficulties with alcohol. 
We were surprised to find that 49 of the 
97 patients, just over half, had had some 
such history. It should be emphasized that 
only six of the patients were diagnosed as 
alcoholics ; in the others the drinking prob- 
lem was one symptom of some other psy- 
chiatric History of alcoholic 
symptoms failed to relate significantly to 
a service-connected status and to open- ws. 


syndrome. 


closed-ward admission but did show a sig- 
nificant relationship to principal diagnostic 
category in that those diagnosed as personal- 
ity disorder had a high proportion of al- 
coholic symptoms (Table 15). 


Comment 


This descriptive study of 100 consecutive 
psychiatric admissions to a VA General Hos- 
pital presents several interesting findings. 
However, not all of these bear directly on 
the matter of whether compensation affects 
prognosis or response to therapy. We made 
no attempt to match the service-connected 
and non-service-connected groups for dura- 
tion of illness, and it is possible that this 


Pokorny—Moore 


Alcoholism No Alcoholism 


29 
13 


5 


47 
(2 neurological cases excluded) 


may account for many of the observed 
differences (one might expect that the serv- 
ice-connected cases were of longer dura- 
tion). 

It appears that work record, including 
regularity of employment and changes in oc- 
cupational level, is one of the best differenti- 
ating criteria between the service-connected 
(SC) and the non-service-connected (NSC) 
groups. If we can use work record as an 
index of adjustment (and thus as a measure 
of the response to available treatment), then 
the SC group could be said to be significant- 
ly less well adjusted. An alternate explana- 
tion would be that the two groups differ in 
degree and duration of sickness. Data in 
this study are inadequate to clarify this. 

The observed difference in total number 
of hospital admissions is of doubtful value 
as an indicator of severity of illness, since 
the service-connected cases always have pri- 
ority for admission to VA hospitals. 

It is noted that even the nonservice-con- 
nected veterans talked about compensation 
and that in some it was felt to be an “un- 
conscious” resistance to treatment. This is 
which makes it harder to 
isolate and evaluate the effects of compen- 
sation in a study which is limited to pa- 


another factor 


tients in a veterans’ hospital. 


Summary 


One hundred consecutive admissions to 
the psychiatric wards of a Veterans’ Ad- 
ministration Hospital were selected as a 
sample. These cases were then studied by 
a review of their hospital and claims records 
to see what factors might be related to serv- 


ice-connected status. Since this was a pre- 


liminary and exploratory study, we also 
obtained and studied several other factors 
and relationships in the 100 cases. 
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3 
Total 
20 49 
9 22 
19 a 24 
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1. The service-connected groups had 
fewer members who worked regularly and 
more who had no employment, as compared 
with the non-service-connected group. 

2. The service-connected groups 
tained a much larger proportion of individ- 
uals whose work record since service was 
poorer than before service, as compared 
with the non-service-connected group. 

3. The service-connected groups had had 
more total hospitalizations. 


con- 


4. In about half of those service-con- 
nected for a psychiatric condition, it was 
felt that compensation was an “unconscious” 
resistance to treatment. 

5. The SCP 
psychiatric condition) group had a shorter 
stay in the hospital than the SCO (service- 
connected for other than psychiatric condi- 
tion ) None 
disability) groups. 

6. No significant relationship to service- 


(service-connected for a 


or the (no service-connected 


connected status, open- or closed-ward ad- 
mission, or principal diagnostic category was 
found in any of the following factors: 
marital status ; age; branch of service, when 
in service; duration of service; duration of 
overseas duty; combat experience, and the 
presence in the claims records of various 
appeals and affidavits in behalf of the vet- 
eran. 


7. The psychotic group had a longer stay 


in the hospital than the neurotic group or the 
personality disorder group. 

8. The Negro patients admitted had a 
much higher proportion of service-connected 
cases than the white patients. 

9. The psychotics and neurotics included 
a larger proportion of persons who had no 
employment than those diagnosed as a per- 
sonality disorder. 


10. The service-connected groups con- 
tained a larger proportion of individuals who 
had had grade-school education only, as 
compared with the 
group. 

11. The patients admitted to closed wards 


non-service-connected 


tended to have had a rising trend in rated 
disability percentage, while among those 
admitted to open wards there were more 
persons with static or falling compensation. 

12. Having received a psychiatric diag- 
nosis in service was positively related with 
service connection for a psychiatric condi- 
tion. 

13. Admission to an open ward was posi- 
tively related to a final diagnosis of neurosis, 
and admission to a closed ward to a final 
diagnosis of psychosis. Personality disorders 
were found fairly evenly on both types of 
ward. 

14. About half of the patients had had 
some difficulty with alcoholism during their 
lives; in the great majority of these this 
was but one symptom of another syndrome. 
This was found more frequently in those 
diagnosed as than 
in those diagnosed as psychotic or neurotic. 


personality disorder 


Glenn Blaisdell rendered technical assistance in 
the statistical portion of this study, and Prof. T. 
Wann and Prof. L. J. Moran offered many help- 
ful suggestions. 

Veterans’ Administration Hospital, 2002 Hol- 
combe Blvd. (31) 
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Aerosol Deposition in the Human Respiratory Tract 


I. Experimental Procedures and Total Deposition 


BERNARD ALTSHULER, Ph.D.; LEONARD YARMUS, 8.5.; E. D. PALMES, Ph.D., and 


NORTON NELSON, Ph.D., New York 


The effective hazard of inhaled particulates 
is influenced by (1) the nature and physio- 
logical action of the material, (2) the quan- 
tity deposited in the respiratory tract, (3) 
the regional distribution of deposition in 
the tract, and (4) redistribution and elim- 
ination of the deposited material. For ex- 
ample, the pneumoconiosis-producing dusts 
act on the deep pulmonary tissues, while the 
major cancer producers are believed to act 
on the bronchi. Though the industrial hy- 
gienist may adequately describe the concen- 
tration and size distribution of an industrial 
atmosphere containing hazardous particu- 
lates, the criteria for determining effective 
dosage in the lung are not well established. 

The aerosol program at this Institute is 
directed toward the goal of relating the 
measurements of particle concentration and 
size to the physiological handling of the aero- 
sol. A system has been developed for meas- 
uring total deposition and site of deposition 
of aerosol particles as a function of particle 
size. Work is currently being carried out on 
persistence of deposited particles in the 
respiratory tract. 

The present report describes the experi- 
mental procedures used in measuring the 
extent and locus of deposition and gives the 
results on total deposition. The results on 
regional distribution will be the subject of a 
later report. 
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Experimental Procedures 


Aerosol Production.—Mists of a high de- 
gree of size homogeneity were produced in 
a Sinclair and La Mer type generator.! Tri- 
phenyl phosphate was used exclusively, 
since it met the requirements of the genera- 
tor, and, being nonhygroscopic, would not 
be expected to grow by absorption of mois- 
ture in the respiratory tract. Although its 
melting point is approximately 50 degrees C, 
at room temperature the particles were 
supercooled liquid spheres. At 25 degrees C 
the particle density is 1.31, and the index 
of refraction is 1.56. 


Aerosol was generated at a flow of 2 
liters per minute, with a concentration in 
the order of 10° particles per milliliter, and 
subsequently diluted to a flow of 40 to 70 
liters per minute, passing through a 1 gal. 
mixing chamber to insure uniform mixture. 
Estimates of .number concentration were 
made for typical operating conditions from 
particle size and total mass output obtained 
by filtration. 


Particle Size —Particle sizes ranged from 
0.14 to 3.2; all sizes are reported as diam- 
eters. Size was generally measured by 
means of the higher order Tyndall spectra in 
the “Owl”? in the range from 0.3 to 2p. 
For smaller particles the higher order Tyn- 
dall spectra were used in conjunction with 
a controlled growth procedure.** For larg- 
er particles size was determined from veloc- 
ity of fall measurements.* In addition, the 


*The measurements of velocities of fall were 
made in a simple and convenient ultramicroscope 
constructed and made available by S. Laskin and 
E. Christofano of this Institute. Particles falling 
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size of the 3.2 particles was checked by a 
technique * which treats a droplet deposited 
on a glass slide as a planoconvex lens. In 
the overlapping size ranges of applicability 
of the methods, sizes generally checked to 
within 10%. 

Estimates of the degree of polydispersity 
of the larger particles (above 0.4) were 
made from velocity of fall measurements on 
individual particles; with the use of samples 
of approximately 35 measurements, the 
standard deviations of the diameters thus 
computed ranged from 15% to 30% of the 
means. 

Since triphenyl phosphate is nonhygro- 
scopic, growth of particles in the water 
vapor of the lungs is not to be expected; 
nevertheless, this was verified experimental- 
ly. In one procedure the higher order Tyn- 
dall spectra of 
compared with that of the generator out- 
put. A 
procedure utilized the variation of scattered- 
light intensity with particle size; the re- 
sponses of the Tyndallometer to aerosols 
kept in dry and in water-vapor saturated at- 


expired aerosol were 


second and more _ sensitive 


mospheres, above body temperature, were 
compared under the same experimental con- 
ditions. No significant differences were ob- 
served, 

Aerosol Concentration.—The rapid re- 
cording of aerosol concentration in the ex- 
pired air with a 
Tyndallometer of new design, using a mul- 
tiplier phototube to detect the light scattered 
at right angles by aerosol particles passing 
through an intense illuminating beam. With 


through a small .ubular cell mounted on a micro- 
scope stage are under dark-field illumination and 
observed through a horizontal microscope. Times 
of fall of individual particles through a known 
distance, defined by parallel hairs mounted at the 
field stop, are measured on individual particles and 
size computed using the Stokes-Cunningham 
Equation.® The statistics included a small correc- 
tion for the larger particles of higher velocity. 
Convection currents existed in the cell and inter- 
fered with measurements of particles 
than 0.6x. 
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was accomplished 


smaller 


a size homogeneous aerosol,} each particle 
scatters the same amount of light, so that 
the photocurrent signal is proportional to 
the aerosol concentration. Right-angle scat- 
tering was adopted rather than forward- 
angle, because for the smaller particle sizes 
the greater reduction in stray light obtain- 
able with a right-angle system outweighed 
the increase in scattered light associated with 
a forward-angle system. 


The design of the Tyndallometer is 
schematically shown in Figure 1. This 
drawing shows the optical arrangement, ap- 
proximately to scale, in a plane perpendicu- 
lar to axis of the air flow. The aerosol flows 
through a 1 in. I. D. tube (2 in. square on 
the outside and 4% in. long), with no ob- 
struction other than that offered by the thin 
edges of the baffles. The illuminating sys- 


+The use of the Tyndallometer response as a 
measure of aerosol concentration is limited by the 
degree of polydispersity of the aerosol, since scat- 
tered light increases with particle size. For par- 
ticles greater than 0.3u diameter, the response can 
be considered to vary as the square of the par- 
ticle diameter.* For smaller sizes, the response 
depends on higher powers of diameter, up to the 
sixth power for Rayleigh scattering.’ Thus, with 
a fixed number concentration, the Tyndallometer 
responds as if the mean particle diameter were 
larger than the actual mean of the size distribu- 
tion. In particular, if the size distribution is nor- 
mal, with the mean D and the standard deviation 
s, and if the response depends on the n™ power 
of diameter, then the factor by which the actual 
mean is to be increased to give the weighted mean 
diameter of the Tyndallometer response is 
1-+-ns*/D*. However, the error due to polydis- 
persity for this deposition study is considered 
small. 


SOMEMATIC APPRONIMATELY TO SCALE 


SYMBOLS : 

4- APERTURE STOP 

BAFFLES 

F-FUAMENT LIGHT SOURCE 

COMBE) LENS SYSTEM 
4 


Fig. 1.—Tyndallometer: optical design shown 


- eaiggecppid in plane perpendicular to axis of air 
ow. 
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tem produces an intense, well-defined beam 
(approximately 0.25 by 0.35 in.) across the 
diameter of the tube. At right angles to 
the illuminating system is the scattered-light 
detecting system which has a well-defined 
“field of view” (approximately 0.25 by 0.35 
in.) extending across the tube. The internal 
baffes are two thin intersecting plane sheets 
(0.018 in. thick), nearly at right angles, ex- 
tending along the tube to 154 in. in front 
of the plane of the optical axes, with rec- 
tangular openings (% by 1% in.); they 
shield the detecting lens, M, and tube sur- 
face in the field of view of the photomulti- 
plier from the primary sources of siray light 
(the illuminator lens, L, and the image of 
the lamp filament on the opposite wall) and 
their first specular reflections. The interior 
surfaces are blackened. The light source was 
a 6.5 V, 25 c. p. lampf operated from a 
storage battery. A regulated high voltage 
supply for the 931A multiplier phototube in- 
cluded a variable output to control the sensi- 
tivity of the detection unit. 

The linearity of the response of the 
Tyndallometer was checked at a series of 
graded concentrations, all of which were 
greater than the concentrations used in the 
deposition experiments. The absolute sensi- 
tivity of the instrument at 0.14» diameter, 
the smallest particle size used, was roughly 
estimated at 40a per million particles 
per milliliter, with a photomultiplier voltage 
of 1000 volts. 

Carbon Dioxide Concentration.-—Carbon 
dioxide concentration was measured with a 
selective infrared gas analyzer.§ The sample 
absorption cell was a % in. I. D. tube flat- 
tened at its accommodate the 
quartz windows which determine the absorp- 
tion optical path length. This constriction 
was by far the smallest orifice in the assem- 
bled apparatus and hence determined re- 
sistance to breathing. Measurement of this 
resistance gave pressure drops of 1.3 and 
11 mm. of water at flows of 30 and 100 
liters per minute, respectively. 


center to 


‘No. 1630 instrument lamp. 


§ Medical COs Analyzer, Model 16, 
Becker Instrument Co., Springdale, Conn. 
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Fig. 2.—Pneumotachograph response to a simu- 
lated breathing pattern. Solid curve, pneumotacho- 
graph record; dotted curve, calculated from 
mechanical source of flow. 

Respiratory Flow.—Respiratory flow was 
measured with the pneumotachograph of Lee 
and Silverman,’ in which the deflection of a 
fine wire suspended across the air stream 
was recorded by optical projection.|| The 
optical system utilized a 6.5 V, 25 c. p. lamp 
with a simple condensing lens (22 mm. f. 1.) 
and a projection microscope. To secure a 
stable velocity profile and reduce high-fre- 
quency fluctuations, a flow straightener was 
placed in front of the measuring wire; it 
consisted of a large number of small tubes 
of triangular cross section formed by rolling 
accordion-pleated brass shim stock into a 
spiral. The calibration was not seriously 
changed by the continued flow of aerosol, 
though the 3.2» particles did give a relative- 
ly rapid deposit on the measuring wire and 
required more frequent cleaning and cali- 
bration. The dynamic response was exam- 
ined by introducing a known simulated 
breathing pattern obtained from the recip- 
rocating motion of a piston connected to a 
rotating flywheel; the imposed flow pattern 
was faithfully reproduced, as shown in Fig- 
ure 2. 


|| The wire detector was lent by Dr. L. Silver- 
man, 
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Fig. 3—Apparatus assembly. 
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Apparatus Assembly.—The assembled ap- 
paratus is schematically illustrated in Figure 
3. The expired air flows through one 
straight system of successive tubes: the 
mouthpiece ; the air supply valve; the Tyn- 
dallometer ; the carbon dioxide analyzer, and 
the pneumotachograph. The valve and Tyn- 
dallometer are enclosed in a thermostatically 
controlled box, maintained above body tem- 
perature to prevent moisture condensation 
in the Tyndallometer. 

The air supply for inspiration may be 
either clean filtered air or aerosol, as con- 
trolled by the T-valve. Access to the supply 
air is controlled by the supply valve, operated 
manually by the subject. This valve is of 
sleeve type with a rotor revolving between 
the two stators; % in. holes are aligned in 
the open position. Supply air flow is kept 
higher than maximum inspiratory flow, and 
during inspiration excess flow passes 
through the measuring instruments. The 
rubber flutter valves (4 and 5) allow the 
supply air to flow continually by providing 
a discharge exit when the supply valve is 
closed. The action of one flutter valve (4) 
was variable, and inhalation flow measure- 
ments were, therefore, uncertain. Later the 
valve was removed, and the end of the tube 
submerged in water. This change caused the 
entire generator output to pass to the re- 
cording train during the inhalation period, 
and reliable estimates of inspired flow could 
be made by difference. 


The arrangement of the recording appara- 
tus is shown in the insert of Figure 3. The 
recording of all three detecting devices is 
accomplished simultaneously on a_ single 
strip of photographic paper, 15 cm. wide, 
with a camera designed for use with the 
early model string electrocardiographs. The 
electrical signals from the Tyndallometer 
and COz analyzer are fed into electrocardio- 
graph string galvanometers.{ The pneu- 
motachograph has its own projection system. 
Because of space limitations two projection 
systems are placed at right angles to the op- 
tical axis of the camera and reflected into 


Cambridge Instrument Co. Model B. 
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their proper positions by two front-surface 
mirrors. Timing lines are placed across the 
recording paper every 0.05 second by a timer 
located between the mirrors and the camera. 

Conduct of Experiment.—The subject 
wore a noseclip and breathed through his 
mouth using a rubber mouthpiece of reduced 
length, sitting in a resting position and 
paced by a metronome. The respiratory 
cycle consisted of an inspiration, a respira- 
tory pause during which the subject closed 
the supply valve, an expiration, and a re- 
spiratory pause during which the subject 
opened the supply valve. Respiratory pauses 
had to be prolonged sufficiently to allow time 
for changing the supply valve position. 

In an experimental sequence the subject 
inspired filtered air until his breathing set- 
tled into an approximately stable pattern 
with proper timing of the supply valve op- 
eration, a matter which required training of 
the subject. The operator then started the 
camera and changed the air supply to aero- 
sol, recordng nine breaths before changing 
back to filtered air. The first few breaths 
with aerosol, in general, showed less ex- 
pired aerosol, owing to exchange of tidal 
air with the reserve air of the lung—a fact 
which is further supported by the records 
showing clearance of aerosol from the lungs 
after the change back to the filtered air sup- 
ply. Therefore, only the breaths after the 
first four aerosol respirations of the se- 
quence were selected as representative. 

A sample record is shown in Figure 4. 
During expiration, aerosol concentration, 
carbon dioxide, and flow are measured as a 
function of time. Of primary importance 


AEROSOL 


Time 


—, 
ONE SECOND 


6° 


\ / 


37u/ 


Fig. 4—Sample record of aerosol respiration 
for Subject P breathing 0.44 diameter particles 
at 15 rpm. 
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is the association of the measurements with 
expiratory volume. By numerical integra- 
tion of the expiratory flow with respect to 
time, cumulative volume is obtained as a 
function of time. Thus, the expiratory con- 
centrations at the detectors are obtained as a 
function of cumulative volume during the 
expiration. Correcting these volumes by the 
corrections for instrumental dead spaces 
55 cc. for aerosol and 140 cc. for COs, as 
discussed below—the mouth concentrations 
and flow are determined as functions of 
currulative expiratory volume. An example 
of the expiration data in this form, which 
provides the experimental basis for ob- 
taining the deposition characteristics, is 
shown in Figure 5 for three successive 
breaths. Individually calculated points are 
shown for the aerosol and the carbon dioxide 
concentrations; the flow curve is_ the 
smoothed average of the three breaths. 


Instrumental Dead Space.—lIdeally, the 
apparatus should measure the concentrations 


and flow at the mouth instantaneously, 


TRACT 


continuously, and simultaneously. The ex- 
perimental record only approximates this 
ideal, and the deviation is dominantly the 
effect of mixing during flow through the 
dead spaces of the concentration detectors, 
so that the air in the sensing zone of a de- 
tector is a mixture composed of volume 
elements of air which were previously sep- 
arated at the mouth entrance. The necessary 
correction is determined by the volume re- 
sponse of the instrument defined as follows. 

A standard concentration is abruptly in- 
troduced at the mouth entrance, with the 
recording train filled with air of zero con- 
centration, and the resulting record of signal 
and flow is analyzed to give the response 
signal as a function of flow volume. The 
volume response curves of the Tyndallo- 
meter and COs analyzer are shown in Fig- 
ure 6. The data have been fitted to an 
exponential function of the form 

R=100 

where FR is the detector response in per 
cent, ’ is the flow volume starting from 


AEROSOL 
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AEROSOL CONCENTRATION IN 


30 


28 
DEAD SPACE CORRECTIONS 
AEROSOL — 55 CC 

CO2-140 CC 


L 


4 
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| 1 
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250 
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Fig. 5.—Sample expiration data for three successive breaths of Subject A with 0.14y 
diameter particles at 15 rpm. The flow curve is a smoothed average of these three breaths. 
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the introduction of the 100% concentration, 
and K and V9 are constants; the fit is in- 
dicated by the straight line, since the ordi- 
nate axis has been appropriately calibrated 
according to the required logarithmic func- 
tion. Assuming that the detector measured 
the average concentration over the cross sec- 
tion at the detector, it can be shown for the 
exponential response that the flow volume 
V, at which the response R is (1—1/e) 
100% =63.2%, is equal to the dead space 
volume; this implication has been verified 
experimentally. 

In the case of the Tyndallometer volume 
response, there is good agreement with the 
exponential form, as seen by the fit of the 
straight line. The amount of mixing in the 
dead space is such that 90% of the response 
of the Tyndallometer comes from aerosol 
which was at the mouth entrance within a 
45 cc. range of flow volume. Within this 
45 cc. range of flow volume the aerosol 
concentrations of the experimental respira- 
tion records vary approximately linearly 
with flow volume. This limited linear varia- 
tion implies # that the actual mouth con- 
centration-volume curves can be obtained 
within sufficient accuracy by a dead space 
correction equal to the 63.2% response 
volume on the volume response curve. The 
63.2% response volume is 51 cc., which is 
to be compared with the physical dead space 
(without mouthpiece) of 53 cc.; this agree- 
ment is implied by the exponential response 
and suggests the method given below for 
determining respiratory dead space. With 
a 4 cc. allowance for the mouthpiece, the 
# The mouth concentration C(l’) as a function 
of flow volume V is related to the instrument sig- 
nal J(V) at the flow volume V by the integral 
ejuation 

(v) dv 
where R’(v) is the derivative of the volume re- 
sponse function. R’(v) is the “weight” function 
giving the signal per unit volume arising from a 
unit concentration in the volume element dv- which 
previously passed the mouth entrance at the flow 
volume /—v. The correction used in the text 


can be derived from this equation as an approxi- 
mation. 
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Tyndallometer dead space correction has 
been taken at 55 cc. 

For the carbon dioxide volume response, 
there is more deviation of the straight line 
fit in the first portion of the curve. Ninety 
per cent of the response is the effect of a 
110 cc. flow range. The physical dead space 
is 119 ce., and the 63.2% response volume 
is 136 cc. With a 4 cc. allowance for the 
mouthpiece, the dead space correction was 
taken at 140 cc. The fact that the 63.2% 
response volume is larger than the physical 
dead space is attributable to the time delay 
of the analyzer, but special treatment for 
the time delay has not been considered 
necessary, because its effect is not signifi- 
cantly variable. 

Respiratory Dead Space-——The primary 
use of the carbon dioxide measurements has 
been to estimate respiratory dead space by 
applying the above analysis of instrumental 
dead space. It is assumed that the curve of 
carbon dioxide concentration vs. volume 
obtained from the breathing record without 
dead space correction has the same expo- 
nential form presented above—the actual 
fit is like that of the COz volume response 
in Figure 6 except for the volume scale. 
A sharp concentration boundary is assumed 
to exist at a hypothetical alveolar boundary 
in the lung at the end of inspiration; dur- 
ing expiration alveolar air flows through the 
respiratory dead space to the mouth. Then 
the carbon dioxide concentration vs. volume 
curve experimentally obtained is interpreted 
as a volume response curve with a dead 
space equal to the sum of the respiratory 
and instrumental dead spaces. Respiratory 
dead space is determined as the volume at 
which carbon dioxide concentration is 
63.2% of the maximum recorded less the 
140 cc. instrumental dead space. 

The above respiratory dead space is, in 
principle, similar to that measured in several 
physiological studies,’ though the different 
techniques may give different results. How- 
ever, the dead space treatment used to 
assign loci of deposition by Brown, Cook, 
Ney, and Hatch ” in their deposition stud- 
ies is different, being based on the alveolar 
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Fig. 6—Volume response curves of the Tyndall- 
ometer and COs analyzer. The straight lines 
represent the fits of the data to exponential func- 
tions of the form R=100—100 exp [—K(V—l’») ] 


where K and I» are constants. 


COs concentration at the end of a forced 
exhalation. 

Experimental Plan.—The apparatus de- 
scribed above yields as primary data (after 
integration of the flow measurement) aero- 
sol concentration as a function of cumula- 
tive expiratory flow volume (Fig. 5). A 
systematic series of experiments have been 
conducted on three normal male subjects ; 
they have been identified as Subjects A, P, 
and Y. Experiments were carried out with 
six particle sizes, 0.14y, 0.22u, 0.4pn, O0.8n, 
1.6u, and 3.24. The influerce of respira- 
tory rate under resting conditions was ex- 
amined by using three respiratory rates— 
9, 15, and 21 respirations per minute 
(rpm). Measurements with all particle 
sizes were made at 15 rpm, which is con- 
sidered normal for subjects at rest; meas- 
urements at the other respiratory rates were 
limited to the 0.14, 0.4u, and 1.6, particles. 
In general, for a particular set of condi- 
tions three repetitive runs were made, each 
containing a sequence of nine breaths of 
which three—the fifth, the sixth, and the 
seventh—were analyzed. 

Calculation of Total Deposition. — The 
average concentration of aerosol in the ex- 
pired air is determined as the total amount 
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of aerosol expired (calculated by the inte- 
gration of the concentration-volume curve ) 
divided by the total expired volume. Total 
deposition is reported here as the difference 
between the 100% inspired concentration 
and this average expired concentration. As- 
suming total inspired volume equal to total 
expired volume, this deposition value repre- 
sents the per cent of inspired aerosol that 
was deposited in the respiratory system.* 
Because of the dead space between the 
mouth and the Tyndallometer the aerosol 
concentration of the last 55 cc. of the ex- 
piration is not recorded, so that it was 
necessary to extrapolate the data to get the 
average concentration of this last expired 
fraction. 


Results and Comment 


The total deposition values obtained are 
presented in Table 1, along with several of 
the respiratory characteristics: total ex- 
piratory volume; respiratory dead space; 
maximum expiratory flow, and average ex- 
piratory flow. With the deposition aver- 
ages, standard deviations, corrected for 
sample size, are given as a measurement of 
significance. The standard deviations of 
the total expiratory volumes are also given. 
Respiratory dead space was calculated, as 
described above. Average expiratory flow 
was calculated frorm the total expired vol- 
ume and the time during which expiration 
took place. Inspiratory flow patterns were 
measured only for the 15 rpm, 3.2 breaths ; 
total volume, maximum flow, and average 
flow are given in Table 2. Table 3 gives 
the average duration of the four phases of 
the respiratory cycle. 

The variation of total deposition with 
particle size is exhibited graphically in Fig- 
ure 7 for the individual subjects and the 
three respiratory rates. In all cases the 

* The experiments with 3.2 particles included 
measurements of inspiratory volumes. The ex- 
piratory and inspiratory volumes generally agreed 
within 10°. No significant relation between total 
deposition and the relatively small differences be- 


tween inspiratory and expiratory volumes was 
found. 
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TasL_eE 1.—Total Deposition Values and Expiratory Characteristics 


Size, 
Rpm Subject 


Mean 


5. 


Total deposition, 15 
per cent 


Mean 
8.D. 


Mean 
8.D. 


Mean 
8.D. 


Total expiratory 
volume, cc. 


Mean 
8.D. 


Mean 
8.D. 


Respiratory dead space, 
ee. 


Maximum expiratory 
w, 

32 
Average expiratory 16 
flow, L/M § 3 24 

2 23 
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All values are the averages of nine breaths except the following: 
* Twelve breaths 
¢ Six breaths 


graphs show that there exists a size of 
minimum deposition in the neighborhood 
of 0.44 diameter; below and above this 
minimum deposition 


size, deposition in- 


1 2 


Subject 


Total inspiratory volume, cc. Mean 
s 


Maximum inspiratory flow, L;M 


Average inspiratory flow, L/M 


creases with smaller or larger particles. The 
occurrence of this minimum was predicted 
by Findeisen '* and arises from the particle- 


size dependence + of the three major proc- 
esses which cause a particle to hit a surface 
of the respiratory tract. Brownian motion 
of the particles resulting from their random 
impact with gas molecules varies as D—*. 
The settling effect of gravity varies as D?. 
The impaction effect, or particle inertia, 
varies as D*. Thus, impaction and settling 
effects dominate for particles greater than 
the size of minimum deposition, and Brown- 


ian motion dominates for the smaller sizes. 


+ The dependence functions given next are ap- 
proximate in that they neglect the correction for 
the slipping of the air stream at the particle sur- 
face, which is to be applied to Stokes’ law of air 
resistance. 


TABLE 3.—Duration of Phases of Respiratory Cycle 


Average Values 


Nominal 
Respiratory 
Rate, Rpm 


Pause Before 
Inspiration, 
Subject Sec. 


Y 
A 
P 


Inspiration. 


Pause Before 
Expiration, 
Sec. 


Exp'ration, Total, Sec. 


Sees 
ese 


Bom 
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0.14 0.22 0.4 0.8 Pe 
22 38 
21 18 21 39 ll 17 24 23 
y 750 650 690 660 720 690 700 
160 70 60 
15 470" 470* 560 500 530 470 550 500 480 3907430 500 
70 «#350 | 60 70 60 80 40 30 | 70 70 50 
21 350 370 370 360 360 330 3 
40 80 
15 110° 95* 115 122 91 78 106 83 lilt 93 93 
21 103 112 76 
31 27 
30 26 31 31 28 26¢ 25 27 
37 28 
16 15 17 
19 18 24 22 21 19 20 20 19 16] 16 21 
20 18 22 
Y A P 
50 60 60 
22 20 22 
Sec. 
0.75 2.25 1.17 
9 0.70 2.13 0.85 
0.60 2.38 1.01 
Y 0.47 1.13 0.77 
15 A 0.47 1,31 0.57 
P 0.57 1,20 0.77 
Y 0.35 0.89 0.58 1, 
21 A 0.29 1.01 0.32 1. 
, P 0.37 0.92 0.56 0. 
300 
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Fig. 7—Dependence of total deposition on par- 
ticle size, 


The data for 15 rpm suggest that the size 
of minimum deposition is slightly larger 
than 

The influence of respiratory rate is such 
that slower, deeper breathing showed greater 
deposition than faster, shallower breathing 
for these resting conditions. Furthermore, 
the differences due to respiratory rate are 
greater with the larger 1.6 particles than 
with the smaller 0.14p particles. This fact 
is consistent with the time dependence of 
the primary removal processes in the fol- 
lowing way: for the 1.6m particles, where 
impaction and settling are dominant, the 
settling process is more sensitive to duration 
of action, varying as the first power of 
time, whereas for the 0.14» particles Brown- 
ian motion is less sensitive to duration of 
action, varying as the square root of time. 

The data on individual subjects under the 
same conditions are extremely consistent. 
The depositions for Subjects A and Y are 
in close agreement throughout the gamut of 
experimental variables, with depositions for 
Subject A generally slightly higher than 
those for Subject Y. On the other hand, 
Subject P has shown with equal consistency 
decisively greater depositions. This differ- 
ence in subjects will be also observed and 
defined in more detail in the subsequent 
paper dealing with regional deposition. 

The major studies of aerosol deposition 
in the human respiratory tract were initiated 
in 1935 by Findeisen** who, for a series 
of particle sizes, calculated depositions in 
the several anatomical divisions of the lung, 
starting from basic physical considerations 
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and simplified scheme of air flow in the 
lungs. These have been modified and ex- 
tended by Landahl**; experimental work 
has been done by Wilson and La Mer,’® 
Brown, Cook, Ney, and Hatch,!* and Lan- 
dahl, Tracewell, and These 
studies have been reviewed by Davies,1*-?® 
and by Eisenbud.*° Comparison of the re- 
sults of the various studies is difficult in 
several cases because of differences in the 
experimental conditions. 


Lassen.1617 


The theoretical predictions of both Fin- 
deisen and Landahl are generally con- 
sistent with our results. It is significant 


that these investigators predicted a particle 
size of minimum deposition agreeing with 
the 0.44 value of this study. 

The experimental conditions of Landahl, 
Tracewell, and Lassen ** were in some ways 


similar to those of this investigation, and 
agreement with our results is, for the most 
sition at approximately the same particle 
size, and their deposition values are close 
part, good. They showed a minimum depo- 
to those of Subjects A and Y in this work. 

Wilson La Mer™ used a 50% 
glycerol-water solution (V/V) having a 
particle density (1.14) close to that of the 
triphenyl phosphate (1.31) used here. Their 
smallest size was 0.44 so comparisons for 


and 


Where com- 
parison is possible, their values of total 
deposition are substantially higher than ours 
and, in fact, are higher than those obtained 
for Subject P, who had the largest reten- 
tions. For example, with 0.4» particles and 
a respiratory rate of 16 rpm, they reported 
a total retention of 45% compared with 
33% for Subject P at the same size and 
15 rpm. 


smaller sizes cannot be made. 


The studies of van Wijk and Patterson ** 
and of Brown, Cook, Ney, and Hatch 
were done with high-density (2.6) particles 
and nose breathing. For comparison, values 
were corrected for nasal deposition”? to 
give approximate data for mouth breathing. 
These corrected values were not very differ- 
ent from those obtained here for Subject P. 
However, the data of both these studies, 
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which included 0.24 particles, do not indi- 
cate a minimum deposition size above 0.2y. 
In fact, the deposition for 0.2» particles is 
considerably less than that for the next 
larger particle sizes (0.34 and 0.4,). In 
this connection the influence of particle 
density on deposition is to be noted. Since 
Brownian motion is independent of particle 
density and since our finding of a minimum 
deposition size near (and probably greater 
than) 0.4» implies that for smaller sizes 
Brownian motion begins to play a major 
role, a minimum deposition size above 0.2 
should be present independent of particle 
density. Thus, the finding of these investi- 
gators of a relatively large drop in total 
deposition for the 0.2 particles is incon- 
sistent with our finding and appears to be 
incorrect. 


Summary 


A new and more sensitive experimental 
procedure, designed to determine regional 
deposition of aerosol particles in the human 
respiratory tract, is presented. It depends 


on the continuous Tyndallometric measure- 
ment of the changing concentration of aero- 
sol in a single expiration after the inhalation 
of aerosol of homogeneous size and known 
concentration. 

A systematic series of experiments have 
been conducted on three normal subjects 
breathing triphenyl phosphate particles of 
diameters ranging from 0.14y to at 
three respiratory rates. The results for 
total deposition are given, showing its de- 
pendence on particle size. A size of mini- 
mum deposition near 0.4» is demonstrated. 

550 First Ave. (16) 
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Occupational Medicine in Industrial Relations 


A panel discussion, giving the viewpoints 
of the physician, the nurse, the employer, 
the labor referee, and the employee as re- 
gards occupational medicine in industrial 
relations, was held at the 16th Annual 
Congress on Industrial Health in Detroit 
on Jan, 23, 1956. It was arranged in co- 
operation with the University of Michigan’s 
School of Business Administration and In- 
stitute of Industrial Health. On the panel 
were Dr. Norbert J. Roberts, of New Y ork; 
Miss Katharine A. Lembright, of New 
York; Charles B. Gorey IJr., of Detroit; 
David A. Wolff, of Ann Arbor, Mich., and 
Harry Read, of Washington, D. C. The 
chairman was L. Clayton Hill, of the 
University of Michigan School of Business 
Administration, and the co-chairman was 
Dr. O. Tod Mallery Jr., Director of the 
Institute of Industrial Health, University 
of Michigan. The chairman made the fol- 
lowing introduction to the panel discussion. 


Pror. L. Crayton Hitt, Professor of 
Industrial Relations, University of Michi- 
gan School of Business Administration, 
Ann Arbor, Mich.: 

I suspect that you doctors and nurses 
know what we mean by industrial relations. 
We mean essentially employer-employee 
relations. The objective of all of us work- 
ing in the industrial relations field is to 
raise to a generally high level the satisfac- 
tion of employees in their relationships with 
their management, in their relationships 
with their coworkers, and in their content- 
ment and satisfaction with their respective 
vocational jobs. We hope to identify the 
ways in which the physician and the nurse 
can contribute to improving employer-em- 
ployee relations. We hope to consider some 
of the do’s and don’ts. We hope to discuss 
relevant problems, difficulties, and conflict- 
ing points of view which may be on your 
minds. 
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Physician’s Viewpoint 


The first of our panel members is Dr. 
Norbert J. Roberts, currently associate 
medical director of the Standard Oil Com- 
pany of New Jersey. He was for some 
years associated with the Pennsylvania Rail- 
road, and at one time was their medical 
director. He is now also functioning as 
assistant professor of occupational medicine 
at the University of Pennsylvania School of 
Medicine. 

Our purpose in this meeting will be to 
have the introductory remarks of the panel 
members stimulate the audience to ask ques- 
tions, to present problems, to raise diffi- 
culties, and to express differences of 
opinion, so that as a group we can get the 
most out of the interchanges of opinion. 
Our panel is a rather heterogeneous group, 
and yet a very homogeneous group, when 
one thinks in terms of their mutual interest 
in the topic for today. We have a physician, 
an industrial nurse, a labor union repre- 
sentative, a management representative, an 
arbitrator, and an educator. 


Role of the Physician 


In introducing the first speaker, Pro- 
fessor Hill announced that he would treat 
the subject of responsibility for the health 
of all employees in an industrial relations 
program from the point of view of the 
physician. This speaker was Dr. Norbert 
J. Roberts, an industrial physician, who was 
formerly Medical Director with the Penn- 
sylvania Railroad and who is now Associate 
Medical Director with the Standard Oil 
Company. Dr. Roberts has also taught in 
the Department of Public Health and Pre- 
ventive Medicine of the University of Penn- 
sylvania School of Medicine and has acted 
as Chairman of the Committee on Medical 
Care of the Industrial Medical Association. 
His remarks were as follows. 


OCCUPATIONAL MEDICINE IN INDUSTRIAL RELATIONS 


Dr. Norsert J. Roperts, Associate Med- 
ical Director, Standard Oil Company (N. 
J.), New York: 


I should like to substitute the expression 
“workers’ health” for the broader one of 
“occupational health,” and I should like to 
have us think of a single company’s rela- 


tions instead of industrial relations in gen- 
eral. 

Further, I should like to have us think 
of relations, at least momentarily, in a 
broader sense than that indicated by Pro- 
fessor Hill, considering them as being the 
attitudes of individual human beings toward 
a company—not simply the attitudes of 
employees but the attitudes of all persons 
who might have a feeling about a company. 

We know that employees will have an 
attitude toward their company. We cer- 
tainly can expect customers to have an 
attitude toward a company. We see that 
the owners or shareholders have attitudes 
toward a company. Consistently we can 
expect the employees’ labor representative 
to have attitudes toward a company. A 
company’s competitors have attitudes {o- 
ward it, and we can expect the public to 
have an attitude toward it. 

Now, while a company has all of these 
relations, it might be best for us, and logi- 
cal too, to talk primarily about the subject 
of employee relations, because, in spite of 
the fact that all these relations do exist and 
are important to a company, it is nonethe- 
less true that all are to a great extent in- 
fluenced by employee relations. 

If an employee, be he an executive or be 
he a skilled craftsman or a totally unskilled 
laborer, thinks very well of his company 
and has a very fine attitude toward it, all 
other things being equal, he is much more 
likely to be*an effective employee. Cer- 
tainly, the effectiveness of his work is going 
to reflect itself in the service of the com- 
pany or the product that it makes, and 
therefore it is going to determine to a major 
extent the attitude of customers toward the 
company. Further, the employee’s effective- 
ness is going to determine to a great extent 
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the success of the company, which, in turn, 
is going to influence the owners’ attitude 
toward the company. 

If the employee is going to be honestly 
represented by his labor leaders, they should 
reflect his attitude. So should, of 
course, any elected representative—for ex- 
ample, in the government. 


also 


Now, what determines an employee's atti- 
tude toward his company? Very simply, it 
is its attitude toward him. If the company 
demonstrates by actions as well as by words 
that it is sincerely interested in his welfare 
as an individual and is sincerely respectful 
of his dignity as an individual, is it not 
likely that he will be respectful of its dignity 
and goals as a corporation and will be sin- 
cerely interested in its welfare? 

If a company treats its employees as well 
as it treats its customers and its owners, 
the employees cannot reasonably expect 
more. Personally, I do not believe that it is 
naive for us to expect that, if the employee 
is aware of the facts of life with respect to 
free private competitive enterprise, he will 
not ask more than to be treated as justly 
as the customers and owners of the com- 
pany, 

To enjoy good relations with its em- 
ployees, must a company offer a medical 
service which goes beyond keeping the em- 
ployee in good health or taking care of any 
harm that is suffered? I think not. I think 
that this is the company’s only basic obliga- 
tion with respect to medical service: to do 
everything practicable to refrain from harm- 
ing or adversely affecting the health of its 
employees and, of course, the health of 
others—its customers, its neighbors, and so 
forth—and, if it does, to accept responsi- 
bility for helping to obtain the necessary 
treatment. 

A company does not have to do more 
than those basic things. Most of us know 
some companies which enjoy good employee 
relations without any medical service what- 
soever. Many companies, however, have 
chosen to go beyond basic medical service 
obligations and to offer employees a positive 
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health maintenance program which attempts 
to help them to maintain or even improve 
their health. 

Why have these companies done this? 
Well, undoubtedly it is because an employee 
who is maintained in a good state of health, 
or who maintains his health, and who is 
known to be fit for his work is far more 
likely than another to be happy, to be pro- 
ductive, and to work safely. He is more 
likely than another to keep his job, not to 
quit. He is more likely than another to be 
consistently present, or at least not to be 
excessively absent because of disability. He 
is less likely to have to retire prematurely 
owing to disability. 

If a company’s medical program has 
helped an employee in his proper placement 
and in the maintenance of his health, we 
all can expect that a favorable influence on 
his attitude toward the company will be 
enjoyed by the company. To my knowledge, 
every major study of this subject has re- 
vealed that investing in employee health 
maintenance can be a splendid investment 
in good employee relations and in increasing 
the productivity of workers. But it still can 
be asked: Is not the maintenance of an in- 
dividual’s health his own responsibility? | 
think the answer is yes. I don’t think the 
company has a responsibility to maintain 
actively in a positive way the health of em- 
ployees. 

Then, why should a company consider 
providing such a service or causing it to be 
provided? Should it not simply help em- 
ployees learn to seek the services and to pay 
for them themselves? Ultimately, perhaps, 
yes. My own personal idea of a Utopia with 
respect to medical service in industry would 
have occupational medicine as quite a limited 
field—perhaps providing no more than those 
services quite directly related to the possible 
effects of the company’s operations, or pro- 
ducts, on the employees’ health and the 
health of others and also, where indicated 
and practicable, providing dispensary serv- 
ices necessary to help maintain an effective 
work force and take care of the injuries 
that might be suffered. 
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In this Utopian aspect of the thing | 
would think that every employee, be he an 
unskilled laborer, 
would prepay, out of money he himself 


executive or be he an 
earned, for a comprehensive medical serv- 
ice, and this coniprehensive medical service 
would be supplied by the private practi- 
tioners of medicine, still practicing as a free 
private enterprise. 

To be sure, in this Utopia there would 
be more economic efficiency in the manner 
in which these services would be dispensed. 
There would be far more of them preventive 
in nature rather than curative. There would 
be more of them practiced on the well pa- 
tient while he was still ambulatory. And 
true, too, there would be more physicians 
who had the time and the inclination and 
the training necessary io practice preventive 
medicine with the same degree of energy 
and enthusiasm as they now devote to cura- 
tive medicine. 

jut we have to face the fact that even 
in our wonderful country we are not in 
Utopia. We have not yet succeeded in per- 
suading employees to seek medical services 
of a preventive nature and to pay for them 
ungrudgingly. And as yet not very many 
health insurance policies make provisions 
for preventive services. 


Because of the priority that they must 
give persons who are sick, already busy phy- 
sicians often find it difficult to find the time 
to try to keep healthy persons healthy. 
Sadly too, perhaps as -an indictment prin- 
cipally of our method of education, we have 
to admit that there are more than a 


few 
physicians who are not interested in seeing 
well people or in practicing preventive medi- 
cine. Therefore, for these practical reasons 
many companies have arranged to supply or 
to have supplied a positive occupational 
health program for their employees. They 
seem to be convinced that this has been a 
profitable investment, and apparently they 
consistently intend to continue with it dur- 
ing the foreseeable future. 
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Role of the Industrial Nurse 


As the second speaker, Professor Hill 
introduced Miss Katharine A. Lembright 
who at one time had been associated with 
the Pennsylvania and Pittsburgh Depart- 
ments of Public Health as an industrial 
nursing consultant. Her present position is 
that of Assistant Executive Secretary for 
the Industrial Nurses Section of the Ameri- 
can Nurses Association. She spoke as fol- 
lows on the role of the industrial nurse as 
a key factor in an occupational health pro- 
gram. 

KATHARINE A. 
sistant 


N., As- 


American 


LEMBRIGHT, R. 
Executive Secretary, 
Nurses Association, New York: 

I would like to continue along the same 
lines as Dr. Roberts, adding that I believe 
very sincerely the nurse has a key position 
in industrial health programs. She is the 
one who is responsible for the practical ap- 
plication of the principles and the achieve- 
ment of the goals of industrial medicine. In 
a great many cases she is the only repre- 
sentative of the profession within the plant. 
At least 75% of the companies with some 
sort of a health program employ a physician 
only part time or on an on-call basis. Even 
when there is a fu'l-time physician, the 
functions of the nurse in industry are many. 

By virtue of her position the industrial 
nurse has a much closer personal relation- 
ship to the employees than many of her 
co-workers on the industrial health team. 
She is in a focal position, because the health 
unit is the place that the worker seeks when 
he has a pain, whether it is mental or physi- 
cal. That is the purpose of the health unit, 
and in most plants it is the nurse who sees 
all who come for help. 

When an employer provides professional 
health service at a plant, he is going far 
beyond the minimum requirements of labor 
legislation in most states. He may do so be- 
cause he is genuinely concerned about the 
health of his employees; he may be con- 
vinced that the of his 
enterprise requires that every worker obtain 
from his job the personal satisfaction that 
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makes him willing to cooperate. The nurse’s 
acuteness of observaticn, her sensitivity to 
attitudes, her alertness to anxieties that can- 
not be verbalized, her recognition of the role 
of the individual in problem situations, and 
her capacity for communication have far- 
reaching effects in every worker’s use of 
the health unit and on his attitude toward 
his work. 

Industrial health programs, as they are 
carried out in modern plants with their 
broad concepts and their public-health-like 
teaching programs, are frequently largely 
dependent upon the nurse. This is especi- 
ally true in many plants that do not have a 
full-time physician but do have a full-time 
nurse. The breadth and effectiveness of this 
program largely on the industrial 
nurse’s concept of her job. The trained, 
experienced industrial nurse sees the em- 
ployee as an individual. 


rests 


To appreciate fully the importance of 
industrial nursing, one needs only to ponder 
for a moment to realize that the nurse can 
“make” or “break” the health program. You 
have all seen successful programs which 
were exclusively the result of the vision 
and the initiative of the industrial nurse. 
You have sure, seen some 
wrecked because of the apathy or the un- 
preparedness of the nurse. It is a fact that 
the industrial nurse has great need to exer- 
cise her own judgment. She also has an 
opportunity to put her own ideas into prac- 
tice. 


also, I am 


Those responsible for industrial relations 
should understand that the nurse’s daily 
contact with the worker in the medical de- 
partment and prove invaluable. 


can does 


Frequent plant tours by the nurse are also 


most important. The employee’s physical 
surroundings on a job may contribute to his 
becoming a problem. Cold, ill lighted, badly 
ventilated factories, with little or no atten- 
tion paid to the occupational hazards, may 
subject him to more than ordinary stresses 
and impair his morale. 

An industrial nurse is expected to be not 
only a nurse but a diplomat of the first 
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order, a humanitarian, a manager, a book- 
keeper, a teacher, an editor, a statistician, 
a psychologist, an organizer, and a good 
housekeeper. In addition, she should have a 
knowledge of the community in which she 
works, so that she is able to assist the em- 
ployees in securing outside where 
needed, and she must also have a good 
understanding of the principles on which a 
good safety program is based. 


aid 


The responsibility of the industrial nurse 
in maintaining the health of the worker may 
be compared with the engineer’s concern 
for good machine maintenance. Finding out 
what is wrong with the employee and doing 
something about it before it becomes serious 
will also prevent breakdowns and prolong 
productive life. An employee’s anxiety may 
cut deeply into his efficiency and productiv- 
ity. This also tends to make him more prone 
to accidents on the job. To the employee, 
poor health means loss of wages, reduced 
periods of useful and productive capacity, 
and the need for making arrangements to 
provide for himself and his dependents 
when Ill, injured, or im- 
properly placed employees may mean loss 
of service, decreased efficiency, low morale, 
and increased manufacturing costs to the 
employer. To the community, all these 
factors mean decreased prosperity, increased 


income fails. 


welfare costs, and perhaps labor strife. 

The nurse has a unique oppertunity to 
convey to the worker the interest and con- 
cern of management for his welfare. She 
also has an equal opportunity to assist man- 
agement in understanding the needs of its 
employees. The industrial nurse retains the 
greatest contact with employees of the plant 
where she works. It is through her sym- 
pathy and understanding of all phases of 
industrial health problems that the proper 
understanding can reach those empowered 
to deal with the worker. 

The field of industrial nursing is almost 
limitless. It reaches into every facet of 
the worker’s life—his life on the job, his life 
off the job, physical and emotional. I be- 
lieve it is important for us to remember that 
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the worker on the job is really two persons. 
He is the man on the job and also the per- 
son at home with all the day-to-day cares 
that go with every-day living. In many in- 
stances the nurse is the only person consist- 
ently available to the worker for conference 
in matters related to his physical and mental 
well-being. Upon her accurate report and 
understanding must rest in large degree the 
benefits which an industrial health program 
can furnish. 

No one in industry has a greater oppor- 
tunity to operate at the “grass-roots” level 
than the industrial nurse, for by her under- 
standing and perception she may foster the 
confidence of employees in management’s 
interest in their well-being. Workers nor- 
mally will talk with the nurse in the course 
of her duties. Many of the employees 
troubles cease to exist (as do those of many 
of us), when they have had the opportunity 
of describing them to an interested listener. 
[ would like to go so far as to say that a 
good industrial nurse has many of the quali- 
ties of a counselor. Industry generally has 
been rather slow to realize the importance 
of environmental medicine as a contribution 
to the success of the 
program. 


industrial relations 
Appropriate physical surround- 
ings in the medical department, an efficient 
medical department, and capable nursing 
personnel promote confidence in the com- 
pany on the part of employees and also of 
applicants for jobs. In fact, the applicant 
for a position forms much of his first im- 
pression of the company during his pre- 
employment physical examination, and the 
sick or injured employee is particularly im- 
pressionable during his visits to the medical 
unit. The attitude of both toward the com- 
pany can be influenced tremendously by the 
way the medical department personnel re- 


ceives them. For this reason, hardly any 


other component of the company has a com- 
parable opportunity to demonstrate directly 
the company’s industrial relations and to 
influence the attitude of the worker. 


Because of the very nature of the work, 
the medical department has contact with 
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every other department. It is difficult to 
say which contacts are the most important 
or which involve the greatest number of 
problems. The medical department has mat- 
ters of mutual concern with management, 
with the safety department, with the produc- 
tion department, with personnel, purchasing, 
insurance, and welfare departments, with 
the cafeteria, and with the employees and 
employee organizations. In these relation- 
ships the nurse enjoys a bipartisan status 
with regard to management and labor. She 
is, so to speak, on both teams. 

No doubt, the unit with which the nurse 
has the most frequent dealings, and where 
there is a special need to establish a well- 
defined working relationship is the person- 
nel—sometimes designated as the industrial 
relations—department, or the employment 
department. If her work is to be effective, 
her associations with this department must 
be those of mutual respect and confidence. 
Too frequently, the nurse is asked by per- 
sonnel or employment managers to divulge 
information which should be confidential. 
Much of it is then used for purposes for 
which it was never intended. The remedy 
for this situation must rest with the nurse, 
if she works where medical direction is not 
available. It will be necessary for her to 
explain the ethics of the situation at the out- 
set and to stand by her decision. This is 
particularly true in the case of medical 
records and the results of physical examina- 
tions. Such reports should be given to 
management only as an evaluation or recom- 
mendation. 

The responsibility of the industrial health 
team goes far beyond the medical depart- 
ment. As a conservator of manpower re- 
sources, we have a teaching obligation to 
every employee with whom we come in con- 
tact, so that he will go back, into his plant, 
to the home and family, and to the com- 
munity and carry with him principles of 
good health. 

As I have pointed out, the industrial 
nurse is in a key position, having confidence 
of beth management and labor having inter- 
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personal relationships with personnel in all 
areas of industry. If she maintains a posi- 
tion of fair, sincere, and intelligent under- 
standing in all her relationships, she may be 
the key to much that is desirable, both 
economically and ethically. 

When Miss Lembright had finished her 
talk, the chairman made the following re- 
marks. 


Proressor Hitt: With the utmost sin- 
cerity, may I say that was the best job 
description I have ever heard presented for 
the industrial nurse. I was particularly 
pleased to hear the emotional aspect of her 
job stressed, because it seems to me an ex- 
tremely important factor. I have come to 
believe profoundly that human relations are 
primarily attitudes and emotional relations. 
We have no serious problems until people 
start becoming emotional. Once emotions 
take charge, reason flies out the window, 
and then we have real problems. I liked 
particularly Miss Lembright’s stressing the 
strategic position of the industrial nurse to 
pick up and tune in on these emotional 
messages. These are so frequently given 
by people who are anxious and distressed. 
At the same time she recommends main- 
taining the highest level of ethics, recogniz- 
ing always the position of confidence the 
nurse holds. Information picked up should 
not be passed on except in the most deper- 
sonalized manner and then only where there 
is some reason for general application to 
improving industrial relations rather than 
for the specific individual case. This con- 
tribution should be valuable reading for 
any industrial relations manager. It sets 
down the position of the industrial nurse 
in very specific terms. 


Occupational Medicine from the 
Employer’s Point of View 


Professor Hill next called on Charles BD. 
Gorey Jr. to present the point of view of 
management. He said that Mr. Gorey was 
typical of many automobile executives who, 
like Walter Chrysler himself, have risen 
from the bench. He started as an hourly 
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rated toolmaker and advanced through 
various tool and production assignments to 
his present management position with the 
Chrysler Corporation. His remarks centered 
about a four-phase program of preventive 
medicine which is of vital importance to 
industry. 

Cuar.es B. Gorey Jr., Director of For- 
ward Planning and Assistant to Vice-Presi- 
dent and Operating Manager, Chrysler 
Corporation, Detroit: 

Today there are five principal manu- 
facturers of passenger cars in this country 
—General Motors, Ford, Chrysler, Ameri- 
can Motors, and Packard-Studebaker. Now, 
this is a far cry from what we had, say, in 
1900. At that time there were 57 firms en- 
gaged in this business, and from the time 
since the first car was built in the United 
States, there have been some 2000 manu- 
facturers engaged solely in building pas- 
senger cars. Obviously, our economy would 
not support 2000 manufacturers of auto- 
mobiles, but the question which naturally 
comes to mind is: Why do we have the five 
today rather than another five that were in 
the business? I think the only explanation 
for that is in the people involved. 

I am not naive enough to think that one 
element of personnel in these companies 
caused their failure. The successful com- 
panies, I believe, evidenced a sound balance 
between management and labor. The job 
primarily has been to protect the large body 
of personnel that make up successful com- 
panies. Dr. Roberts explained the relation- 
ship of management, labor, and customer, so 
I am not going to belabor this relationship 
except to state that I sincerely believe that 
industry’s most important and most valuable 
asset is people. It behooves all of us in 
industry to recognize this fact—I think we 
have recognized it—and to continue to take 
the necessary steps to protect this asset. 


How can we take steps to protect this 


recognized, most valuable asset? I think 
that to a large extent the responsibility rests 
on your shoulders, and it must be recognized 
as a heavy responsibility. The medical di- 
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rectors and staffs of physicians, nurses, 
industrial hygienists, and technicians must 
take appropriate action to watch over the 
well-being of our people. This responsi- 
bility certainly has occasioned the change in 
evolution, from just the care of industrial 
injuries to the broader sphere of preventive 
medicine. 

Preventive medicine is accomplished, as 
[ see it, in four very important ways. First, 
carefully conducted preemployment physical 
examinations must be given in order that 
placement can be made in accordance with 
the individual’s physical limitations. Ex- 
treme caution must be exercised so as not 
to place a worker in a job that would ad- 
versely affect his well being. Secondly, we 
have fourd in our company that it is most 
important to give a complete physical ex- 
amination on the occasion of a person’s 
return to work after an absence of four 
days or more. Thirdly, preventive medicine 
is accomplished by the efforts of industrial 
hygienists to survey, together with manage- 
ment, existing and new facilities to make 
sure that ventilation, general working condi- 
tions, and noise conditions are satisfactory ; 
all these elements should be studied so as to 
insure that in no way will they adversely 
affect the welfare of our people. Fourthly, 
we must provide sound medical attention 
and diagnostic service during the working 
day in order to detect the earliest manifesta- 
tions of disease, and it must be done in 
such a manner that it will not conflict at all 
with the responsibility of the worker’s 
family physician. 

Industrial medicine is of vital importance, 
and I frankly am very pleased to see the 
recognition that it is being given. This 
recognition is generally evidenced by the 
increasing stature given the medical di- 
rector’s position in the top corporate struc- 
tures, by the recognition of the medical 
profession at large, and by the ever-increas- 
ing confidence being placed in the plant 
medical departments. Professor Hill said 
that I was responsible for the “Forward 
Look.” I can’t claim that credit, but I shall 
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try to take on the cloak of a forward plan- 
ner and predict that the future holds in- 
creasing responsibility—and, very frankly, 
universal recognition—for the field of in- 
dustrial and occupational medicine. 


Role of the Labor Referee 


Professor Hill introduced as the fourth 
member of the panel David A. Wolff, a 
lawyer who for some years has been Chair- 
man of the Appeal Board of the Chrysler 
Corporation, with the UAW—CIO repre- 
senting the workers in the settlement of 
differences between labor and management. 
Mr. Wolff is also umpire of the Aluminum 
Company of America, Chairman of the 
Pension Board of the Electric Auto-Lite 
Company, and President of the National 
Academy of Arbitrators. His remarks were 
as follows. 

Davip A. Wotrr, Chairman, Appeal 
soard, Chrysler Corporation, Ann Arbor, 
Mich.: 

Frankly, I don’t know that I am qualified 
to be on this panel, as my contact with oc- 
cupational medicine in industrial relations 
is based entirely on my relationship to the 
contract of the parties. When cases which 
go through the grievance procedure are not 
settled, they are presented to me. I then 
have to make a decision. Either the decision 
sticks, or I am fired. Both have happened. 

From the standpoint of the number of 
cases I get which are based on medical 
problems, I think you people must be doing 
a good job in industrial medicine. A really 
small percentage of arbitration cases arise 
out of employees’ and employers’ being at 
loggerheads over a medical situation. I 
think that the job is being done best: (1) 
where the medical and the industrial rela- 
tions departments have a very close relation- 
ship, as they usually do; (2) where the 
medical people are familiar with the con- 
tract; (3) where the relationship between 


the medical department and the employee, 


the person coming in, is almost on a family- 
physician basis, and (4) where the medical 
department attempts to establish and main- 
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tain a good relationship with the employee’s 
own physician. 

[ am sure you all know that a medical 
examination of a new employee, or one 
made during an employee’s probationary 
period, can and should be most thorough. 
It is one in which there is the greatest scope, 
as there are no contractual limitations in- 
volved. Further, medical determinations and 
rulings affecting such employees can be 
made generally without regard to the con- 
tract. Usuatly a probationary employee has 
no seniority. On the other hand, a seniority 
employee has the protection of the contract 
and is in position to raise questions as to the 
medical department’s actions and findings. 

For example, I recall a case where the 
medical department, on its own, had a rule 
that all female employees who became preg- 
nant were to take a pregnancy leave after 
five months and not return to employment 
for a month or two after the birth. This 
particular woman had an easy job; she felt 
well, she was a competent employee, and she 
objected to beginning her leave at the end 
of five months of pregnancy. As a seniority 
employee, this woman had seniority rights 
under the contract. 

The medical department said it had not 
considered the employee as an individual, as 
it believed general application of an over-all 
rule was better. Granting that a general rule 
makes pretty good sense, this woman still 
had rights about which she was entitled to 
the 
with the possible imposition of a rule which 
the medical department felt to be correct. 
This is a danger faced when establishing 
arbitrary rules. 


protection. Here, contract interfered 


Another situation which I think is of in- 
terest has to do with the relationship of the 
medical department and the industrial rela- 
tions department with the employee under 
the contract. A few years ago, after being 
with the company a year or two, an em- 
ployee had a hernia operation. On his re- 
turn to work it was discovered that he had 
had a bronchial condition which had not 
been disclosed at the time of his admission 
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examination with the company. The com- 
pany decided that he had lied about this 
condition when he filed his application and 
that, therefore, he should be discharged. He 
said he had not lied. The question presented 
was whether he knew about the condition 
and concealed it. 

This man had filed his application prior 
to the medical examination. In it he said 
he knew of no illness on his part. However, 
the application did show that he was 25 
years of age, was unmarried, and had no 
1 This 
1948. Since this application was available, 


record of military service. was in 
closely cooperating departments might have 
asked why he had not been in service. A 
check, subsequently made, did show that the 
man had not been in service because he was 
4-F, owing to this condition which he had 
not admitted but about which he must have 
had deferment 
through his own physician. This may il- 
lustrate where perhaps a little closer coop- 


known as he asked for 


eration between the medical and industrial 
relations departments might have avoided a 
problem. 

Another point is the relationship with 
the outside physician, particularly on an 
employee’s return to work. Undoubtedly the 
industrial relations and medical departments 
of a company know the conditions under 
which an employee must work much better 
than does the employee’s physician. On the 
other hand, generally the employee has 
greater confidence in his own physician. It 
seems to me a close relationship among all 
physicians involved would be helpful. As a 
suggestion, where there is disagreement as 
to whether or not an employee should be re- 
instated,. perhaps it might be well for the 
medical department to discuss the available 


job with the employee and give the employee 
its description—to be taken by him to his 
own physician—so that the latter can fully 
understand the problem which might result 
from reemployment. 
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Occupational Medicine from the 
Point of View of Labor 


As the last speaker, Professor Hill re- 
quested Harry Read, who was attending the 
Congress as a representative of the Na- 
tional AFL—CIO, to present the point of 
view of labor. Mr. Read was formerly a 
newspaperman who had been associated 
with the Hearst chain of papers in Chicago 
and other cities before joining the labor 
movement in 1938. He first edited publica- 
tions for the CIO Electrical Workers and 
then after the merger of the American 
Federation of Labor and the Congress of 
Industrial Organizations became Assistant 
to the Secretary-Treasurer of the national 
organization. His remarks were as follows. 

Harry Reap, Assistant to Secretary- 
Treasurer, National AFL—CIO, Washing- 
ton, D. C.: 

I think it is highly significant that we are 
all here this morning. I recall a time when 
the idea of inviting a labor representative 
to address a group such as this would induce 
a sort of shock throughout the community. 
I think those days have passed and are 
gone for good, for there is a growing real- 
ization that we are all people living in a 
community—a national community that is 
divided up into states, cities, and rural comer 
munities. I think we have to give recogni- 
tion to the realization that industrial rela- 
tions go much, much beyond the mere items 
of wages, hours, and working conditions. 
3efore we got to that realization, however, 
we had to go through a sort of incipient 
class struggle that had its real beginning 
back in 1889 at the time of the Second In- 
ternationale—the Socialist Internationale— 
in Paris. We have gotten pretty well over 
that struggle, because the widely disparate 
views of the two parties in those days have 
gradually narrowed, and both sides realize 
that the interests of each are the interests 
of all. 


With regard to industrial medicine, we 
have had a growing realization of the im- 
portance of the industrial physician. I can 
recall some 20 or 25 years ago when, in the 
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medical profession generally, the company 
doctor was regarded as a sort of pariah or 
lazy individual who got himself a job on 
a corporate payroll rather than starve to 
death trying to set up a private practice. | 
think that was the general attitude not only 
of the medical profession but of the com- 
munity in general. Out of it there stemmed, 
as far as the worker was concerned, a 
suspicion of the company doctor, who was 
deemed to be, if you please, part of manage- 
ment and hence to be regarded as an enemy 
of the working man. 

So we have now come to the point where 
the industrial physician is assuming greater 
and greater importance in our community 
life—an importance that is to be com- 
mended. Questions have been raised here 
as to who pays for these services, how far 
the employer's interest should reach in deal- 
ing with the health problems of the people 
on his payroll, how far the interest of the 
workers themselves should reach, and to 
what extent there should be participation. 

I don’t believe an employer can limit his 
interest in this field to the mere considera- 
tion of the occupational health and safety 
that exist in his own plant. I think his 
interest must go over and beyond that. 
Similarly, the workers must concern them- 
selves with much more than occupational 
health and safety. 


In the field of safety, for example, in- 
dustry is making an excellent record in this 
country. And when I say industry, I mean 
all the employing groups. When one con- 
templates the figures, one discovers that last 
year we had 14,000 workers killed on the 
job as against some 21,000 persons killed 
in their homes by accidents, another 38,000 
slaughtered on the highways, and a tre- 


mendous number injured in various other 


ways. I think that we must all give concern 
to what is going on in the community with 
regard to diseases and to accidents that take 
such a fearful toll, exceeding 90,000 lives, 
in all, from the American people each year. 

As to who pays the bill, I don’t think 
that it is of great consideration. When an 
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employer negotiates a contract, a working 
agreement with his employees, in some cases 
a system is worked out, so that the em- 
ployee is able to pay the cost directly. In 
other cases the cost is split. In still other 
cases the cost is assumed entirely by the em- 
ployer. I don’t think that it is important 
to work out the formula as to just who does 
what, because as far as the employer is con- 
cerned, when he assumes the cost of health 
care in general for the worker, he considers 
that a In other words, it is 
part of the wage structure, and it does not 
make any difference whether the employer 
pays it that way or whether he puts it in 
the pay envelope of the worker. 


labor cost. 


Speaking for my own group, which isn’t 
exactly made up of angels, I am inclined to 
think that, if the cost could be assumed by 
the employer as one of the wage benefits, 
it would be much better, because it cer- 
tainly would take care of the improvident, 
careless, lethargic people, quite a few of 
whom we find in the labor movement. Of 
course, we find them too among industrial 
physicians and nurses, and even in the Re- 
publican party. So I think what we have 
to do is adopt a method that will make it 
possible for the greatest good to flow, 
insofar as the community is concerned. 

[ think the important thing for the in- 
dustrial physician to keep in mind is the 
wide unawareness on the part of the work- 
er as to just what his job is. The worker 
knows that the physician went to school a 
certain number of years and that the phy- 
sician uses a lot of long stage names to 


describe a common cold. It is all a sort 


of mystery to him, and so he approaches 
any physician with a great deal of uncer- 
tainty. He is puzzled by the entire back- 
ground, 

I think that the general practitioner is 
much more aware of that condition as a 
rule, than is the industrial physician, and so 
he sets his pace to meet that confusion on 
the part of the patient. I think, therefore, 
that the industrial physician has to realize 
that the man the 


who comes to medical 
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department to consult with him should be 
regarded with some of the private practi- 
tioner’s understanding and tolerance. Above 
all, the patient must be treated as though he 
were not just a number in the file, a badge 
number. | think that is important, because 
it establishes an understanding that is neces- 
sary. Sometimes this unawareness on the 
part of the worker will keep him away from 
the plant medical department. He prefers 
to stay away, because he does not think the 
physician has the right attitude. 

Now as to the industrial nurse, I think 
that the industrial nurses of this country 
are one of the worst exploited groups in 
the United States. It took me three years 
to pry out of the United States Department 
of Health Education, and Welfare an idea 
of the wage scales paid industrial nurses. 
[ was terribly shocked to find that secre- 
taries are paid more money than industrial 
nurses, by and large, across the country. 
Not only is that unfair to the nurse; it is 
unfair to the industrial physician, and it is 
unfair to the type of medical service that is 
rendered in the specific plant. I have seen 
plant medical departments where the in- 
dustrial nurse spends mere than half her 
time keeping records and pounding a type- 
writer. That job ought to be filled by a clerk 
or a typist who could do it just as well. 
It is just another way of saving money, and 
I think it is a shortsighted policy. 

I think the nurse is fully as important 
in the medical department as is the physi- 
cian. I am quite sure of that, because in 
addition to her professional training she has 
that thing we call feminine intuition, which 
very often enables her to detect an emo- 
tional condition in the patient. We had some 
interesting experiences here in Detroit in 
the early days of the war, where we found 
that Joe Doakes would come to work and, 
as he worked he was afflicted with an out- 
side problem. It might be a sick wife, a 
delinquent child, interest on the mortgage, 
any one of a number of problems that 
arise to afflict people. We found out that 
quite often Joe Doakes was a menace not 
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only to himself but also to the people who 
worked around him. I think that the in- 
dustrial nurse stands in a position where 
she too can detect that sort of emotional 
background which often leads to an acci- 
dent. I am certainly not a medical expert, 
but it seems to me that a worker who is 
preoccupied, who is burdened with a prob- 
lem of that nature and description, is much 
more liable to incur a state of general ill 
health than someone who is happy and free 
and at ease mentally. 

I am looking forward to the day when we 
can get this whole matter of safety and 
occupational disease out of the realm of 
collective bargaining, where it does not be- 
long. I think we are in the process of de- 
vising other ways and means of dealing 
with these problems. We certainly should 
not be required to sit around a table and 
negotiate for loss of fingers and hands and 
arms, impairment of lungs, and other things 
of that sort. We have to perfect our 


mechanisms and equip ourselves so that we 
can deal with them as a community problem. 


Summary by the Chairman 


Proressor Hitt: Now I will attempt to 
summarize the panel’s presentation. 

Dr. Roberts raised the question of what 
the limits of responsibility should be for 
management, the industrial physician, and 
the industrial nurse in industrial health pro- 
grams. Should they reach off the premises ? 
Should they reach into the community? 

Miss Lembright, I was happy to see, 
introduced the point of responsibility of the 
physician and the industrial nurse for deal- 
ing with the emotional problems of employ- 
ees. These often are the very core of human 
relations problems in a work situation. She 
spoke of people coming to the first-aid and 
industrial medical department with “emo- 
tional pains,” if you please, the very kind 
which create employer-employee relations 
tension. 

Mr. Gorey laid stress on the most valu- 
able asset of any organization, its people at 
all levels, and he stressed the importance of 
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the responsibility of the industrial physi- 
cians and nurses for the well-being of these 
people. He supported strongly the preven- 
tive approach to industrial health and in 
relations with employees. 

David Wolff stressed the importance of 
the physician’s knowing the labor agreement, 
what limitations it placed upon his area of 
freedom to make decisions, and the import- 
ance of the physician’s respecting and ad- 
hering to that labor agreement as it applied 
to his relations with employees. He stressed 
particularly the importance of the employee's 
perceiving the industrial physician in the 
same light as he does his family physician, 
so that the employee will feel the same 
respect and confidence as he does for his 
own family physician. Mr. Wolff stressed 
the extreme importance of close contact be- 
tween the physician and the industrial re- 
lations staff on key medical problems, and 
between the company, the company 
doctor, and the family physician of the in- 
volved employee. He presented some con- 
vincing case 


also 


illustrations supporting his 
opinions. 

Mr. Read expressed the feeling that the 
industrial relations program should go out- 
side issues of wages, hours, and the narrow 
concepts of working conditions. He raised 
the point that management might well reach 
beyond the confines of its own properties 
and become active in community health pro- 
grams. He raised the question as to who 
pays the bill or who should pay the bill and 
indicated this was not of 
quence as other issues. 


as much conse- 
Mr. Read too 
stressed the importance of the attitudes of 
the company physician. He raised the ques- 
tion of the adequacy of the nurses’ pay, and 
he also emphasized the importance of emo- 
tional factors in industrial relations. 


Questions from Audience to Panel 


Proressor Hitt: Now that Dr. Mallery 
has the questions arranged for our con- 
sideration, here is the first one, and I'll 
address it to Mr. Gorey. It reads: “How 
do you measure the value that an efficient 


Symposium 


occupational health program in an industrial 
organization has on employee-employer re- 
lations ?” 

Mr. Gorey: There are certainly many 
ways in which one can evaluate it. There 
is the general attitude of the plant, the acci- 
dent rate, the general absentee rate of the 
plant. Those are just a few of the ways in 
which we would be able to determine the 
advantages and effectiveness of the medical 
department. Also, we have found that in- 
dustrial nurses have been most helpful to 
us in that respect, in that, as it was pointed 
out earlier, they are wonderful sounding 
boards to determine and to tell us just how 
effective we have been with out medical pro- 
grams in the plant. When patients come 
into the medical centers, they are, for some 
reason or other, willing to convey plant 
impressions to a receptive feminine ear. | 
might make one further comment. When 
the medical department is not effective, one 


certainly hears about it very quickly, and 


perhaps that might be a better way in which 
to evaluate the performance of the group. 
Dr. Roserts: I would like to comment 
on that. We are quite without tools for 
measuring exactly the effectiveness of the 
medical program on employee relations as 
such. We can quote the fact that, when 
some 2000 manufacturers who have medi- 
cal programs were asked what was the effect 
of those medical programs on employee 
relations, all but a few replied that they 
But we can still 
ask, How did they note and measure it? 


noted a favorable effect. 


We say labor turnover decreases after we 
install a good medical service. Well, have 
we ever done a really well-controlled study, 
excluding all other factors involved in labor 
turnover, so that we can say that this plant 
with a high rate of labor turnover intro- 
duced good medical service, changed nothing 
else, and had a definite decrease in labor 
turnover, whereas a perfectly comparable 
plant which did not install such a medical 
service continued to suffer higher rates of 
labor turnover? 
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I suspect that we don’t have good mea- 
sures of the effect of these programs on 
employee relations. Now, if anybody else 
has or can think offhand of a good, direct, 
controllable way of measuring this, I hope 
that, whether he be on the panel or in the 
audience, he will speak up. 

Proressor Hitt: We have a number 
of questions here that all relate to the fol- 
lowing: “To what degree, if any, should the 
union participate in assuming the cost of 
the industrial medical program?” 

Mr. Reap: I believe that the system we 
presently have has proved to work out 
efficiently and that it is steadily being im- 
proved—that is, to have the physician 
directly responsible to the management. I 
think that the question itself indicates a 
lack of confidence in the industrial physician, 
and it is certainly a lack of confidence in 
which I do not join. I have a high regard 
for the medical profession of the United 
States. By and large, across the board, I 
think we have the most efficient medical 
team in the world today. 

I would like to leave it right there, be- 
cause the physician’s relationship to the 
entire operation is a peculiar one. He is 
standing in the middle, and, after all, it 
is much to the interests of the employer to 
maintain the health of his working force. 
No automotive manufacturer can build au- 
tomobiles without a staff of engineers, and 
he can’t build them without an efficient 
working force. It is impossible to build 
them without either one. Sometimes we are 
inclined to quibble about little details in- 
stead of keeping our eye on the main prob- 
lem, and that is to work out the good of the 
whole—the common good, as it is referred 
to in religious circles, and the general wel- 
fare, as it is referred to in the preamble 
of the Constitution of the United States. 

As to sharing the cost, I don’t think that 
it would work out efficiently. I think the 
present system is working very well, and it 
is being improved. As to employee choice 
of physician, I think here again we tend to 
overemphasize that too much. 
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which hobby horse we are riding at the time. 
It seems that an insurance company can 
reserve to itself the right to appoint a 
physician to examine the insured periodi- 
cally to determine whether he is still en- 
titled to draw benefits. However, when it 
comes to group health practice, there are 
people on the other side who raise the 
question that this is socialism and that cer- 
tainly the patient is entitled to free choice of 
physician. I think we have to take each 
case on its individual merits and resolve it 
in that way. 

Proressor Hitt: The next question is 
for Dr. Roberts: “What are some projects 
in preventive medicine that a progressive 
company medical department should under- 
take?” 


Dr. Roperts: We should offer to accept 
the responsibility to help employees to stay 


healthy, even to help them to improve their 
own health. In carrying out such a program, 
however, we are in an excellent position to 
acquire more knowledge about what is ef- 
fective preventive medicine. We have a 
large population of people whom we can 
observe over prolonged periods under more 
or less controlled circumstances. If anyone 
should be able to find out the influence of 
various factors, hereditary and environ- 
mental, on the health of an individual, we 
should be in a position to make those ob- 
servations in an industrial medical service. 

We should be able to test something 
which we assume, and that is that periodic 
measurement of health is a procedure which 
is of appreciable value. Actually, I think 
we know that it is of value. But have we 
truly measured the value of it? Are we in 
a position to say, with any good controlled 
evidence to support our statements, that it 
is worth while to examine every individual 
to such and such an extent every year? 
Might we not be discovering what is a 
reasonable frequency and scope of examina- 
tion? There is no doubt about the fact that 
every test we can do on patients has a 
yield. What we need to know and act upon 


Vol. 15, April, 1957 


= 


OCCUPATIONAL MEDICINE IN INDUSTRI 


is the level of yield which makes certain 
tests practical. 

What are some projects in preventive 
medicine that a progressive company medi- 
cal department should undertake? I would 
summarize in the following manner. First, 
the medical department should do everything 
practicable to contribute to the effective 
placement of employees, so that they will 
not be a hazard to themselves or to anyone 
else. Secondly, it should do everything 
practicable to make sure that the workers’ 
environment is a safe one that will have 
no adverse effects on their health. Thirdly, 
it should do everything practicable to help 
the workers to remain healthy. Fourthly, 
it should do everything it can to help em- 
ployees to learn about factors of personal 
hygiene and health maintenance—factors 
that they can take home and use at home. 

Proressor Hitt: Another question reads 
as follows: “Today's major goal is an effec- 
tive program for the small plant. How can 
we produce real results with a part-time 
physician? How can we get him to partici- 
pate? How can we wake up a small indus- 
try, with 50 employees and upward, to the 
need for part-time services?” 

This question interests me very much. 
In the field of human relations we are con- 
stantly preaching the application of the 
so-called “clinical approach.” We are at- 
tempting, as physicians do, to determine 
the cause of the illness. Let us say that 
the disinterest of small companies implied 
here is a kind of illness on the part of the 
small-plant owner. I think, instead of ask- 
ing a panel such as this, I would ask the 
part-time physician and the small-plant em- 
ployer why they are disinterested. Taking 
the clinical approach, I would tactfully but 
rather persistently explore with them why 
they have such a low interest in industrial 
health programs. As panel members we 
merely express opinions from our own spe- 
cific frames of reference. It is the frame of 
reference of the small-plant employer that 
is keeping him from going to the industrial 
health meetings and to the industrial health 
programs. 
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Mr. Reap: The small-plant situation 1» 
one of our major national problems. It has 
been my experience that these people do not 
lack interest or that they are lethargic or 
indifferent. It is merely complete lack of 
knowledge. 

If you walk into a small woodworking 
shop employing, say, 25 persons, very fre- 
quently you will find that the owner of the 
place is working side-by-side with his men. 
He is the fellow who has lost his right 
index finger, not because he set out to injure 
himself but because he did not know how to 
work safely. He does not know how to 
healthful the 
It is the problem of reaching 
that group with which we must all be con- 
cerned. I am talking now about the larger 
employers; I am talking about the medical 
profession; | am talking about the labor 
unions. 


maintain a environment in 


workshop. 


We are giving consideration to this prob- 
lem, believe me, in the field of occupational 
accidents. The majority of occupational ac- 
cidents occur in the small plants. The big 
corporations—General Motors, Chrysler, 
Ford, U. S. Steel, Republic Steel, and on 
the list—have excellent safety and 
occupational health programs. Many of the 
difficulties arising in the small plants need 
remedying, and [ just wish I could give 
you the answer. However, I think that the 
answer lies in our all getting together, the 
groups | have described, and seeing what 
we can do to bring safety and occupational 
health into the small plants. 


down 


Proressor Hitt: One of my good friends 
in the industrial relations field, Thomas G. 
Spates, formerly of General Foods, has said 
that people do not do what they are sup- 
posed to do for any one reason but for a 
combination of three reasons, and he sug- 
gests that we attack them in sequence. He 
relates them to employee behavior problems. 

Mr. Spates suggests that we determine 
first whether the person does not know, 
since this is frequently the only reason why 
people do not do what they are supposed 
to do The 


do second 
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they not know. 
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reason may be that they can not do. And 
the third one is, that they will not do. If 
you attack problem behavior for reasons in 
this sequence, it is rather amazing to find 
out how few people there are in the third 
classification. Either they do not know or 
Mr. Read has implied 
that maybe these small-plant employers and 


they can not do. 


part-time physicians do not know the im- 
portance and significance of good industrial 
health programs. 

And now I shall address the next ques- 
tion to Dr. Roberts: “Who determines the 
psychological climate in which the medical 
department operates—the medical depart- 
ment or the industrial staff de- 
partment ?” 


relations 


Dr. Rosperts: Our panel discussion is 
called “Occupational Medicine in Industrial 
Relations.” If one were to take that liter- 
ally, he might wonder whether or not the 
occupational medical service should be in the 
industrial relations department or should 
be part of it. It is my feeling that the 
medical service deserves departmental status, 
that the medical director ought to report 
to the president of the company or to some- 
one at least on his staff, in other words, 
that he should have voice and direct hearing 
at the top policy-making level. 

It goes without saying that it ought to be 
the medical director and the medical de- 
partment which counsel management con- 
cerning medical policy and medical opera- 
tions. I believe that the needs and goals of 
the industrial relations department should 
be respected in the drafting of such counsel. 
But I believe that many elements cannot be 
arbitrated or decided in conflict with ac- 
cepted standards—for example, that the wel- 
fare of people, as individuals and collec- 
tively, must be the primary concern of the 
physician rather than what is good for the 
company. I think the “psychological climate” 


should be determined by the medical depart- 
ment, not by any other. 


sut if it is wrong, 
I would certainly hope that any other de- 
partment that is in a position to do so would 
try to stimulate improvement. 
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Mr. Wotrr: May I offer an example, 
Mr. Hill? I merely want to illustrate. My 
feeling is that there is no priority; there 
should be a working together. I recall that 
one of the worst strikes I ever tried to 
settle involved the use of safety glasses in a 
brass foundry. 

[ do not think that anyone is going to 
say that safety glasses are not needed when 
working with brass. The union actually 
asked for safety glasses. An investigation 
was made by the company. Safety glasses 
were provided—good safety glasses. Then 
came the trouble. The employees had not 
been consulted. They did not know why a 
program of the particular type introduced 
was introduced. They did not know why 
the requirements which were insisted upon 
had to be enforced. That shut down the 
plant, a big one, for a period of almost two 
months. All this was over a program that 
was good for the employees, over something 
that they themselves wanted, because neither 
side understood what the other was thinking. 
This is the sort of thing to which I think 
medical people and industrial relations peo- 
ple should jointly address themselves. 

Proressor HiL_: You motivate me to say 
that maybe the industrial relations depart- 
ment would feel the same way about this 
climate—psychological climate—in the medi- 
cal department, to be consulted before, not 
after, difficulties arise. 

Here is one question that ought to gene- 
rate a little heat, addressed to Mr. Read: 
“Do I detect the groundwork here for or- 
ganization or unionization of the industrial 
nurses? How about the rest of the nurses?” 


Mr. Reap: I would say yes. Now, I am 
not speaking of. organizing the industrial 
nurses into the AFL or the CIO. Frankly, 
I think that they ought to organize them- 
selves. They ought to do something collec- 
tively. If you think this is an extreme 
will admit here that I have 
written a couple of books in my past history, 
while I was working for Mr. Hearst. As a 
result of that I am a member of the Authors’ 
League. This is a society of some 6000 
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American authors, and we have found it 
necessary to engage in some collective bar- 
gaining to get justice—economic justice— 
from book publishers. It would seem to me 
that it is wholly within the purview of the 
nurses’ organizations to give some concern 
to this matter of salary. 

If the nurses fail to do that, and em- 
ployers fail to recognize their responsibility, 
one of these days we will reach out and 
include the plant nurse in the collective bar- 
gaining unit, and there may even be a two 
months’ strike over the girls’ pay. We think 
that they are entitled to security on the job. 
They ought to have economic security, so 
that they can go ahead and do the work for 
which they have been trained, without wor- 
rying about the rent and milk for the cat— 
a great many of them keep cats, I notice. 

I checked with Miss 
Lembright, and she would like to express 
an opinion on that. 


Proressor HI 


Miss LeMBRIGHT: Yes, very much so. 


One of the many programs available to all 
nurses, if they so desire to use it, is an 
economic security program. Again this is 
entirely up to the State Nurses Associations 
if they wish to adopt this program. I would 
also like to say that the American Nurses 
Association House of Delegates adopted a 
“no-strike” policy. It is our belief that, as 
professional nurses, we are there to take 
care of the patient and that the patient is 
our first concern. 

Proressor Hitv: This question is directed 
to Mr. Wolff: “A company has a sickness 
plan. Both the medical department and the 
family physician have examined the em 
ployee. The family physician says that the 
employee cannot return to work. The medi- 
cal department physician says that he is 
able to do so. If no contractual agreement 
covers this, do you feel that the company 
is in the wrong to say to this employee, 
‘You may follow your doctor’s advice and 
remain off duty but on a leave of absence 
without pay and not with sickness disability 
pay’?” 
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Mr. Worrr: Of course, | only answer 
Actually, the 
determination of the employee’s ability to 
return to work or not to return to work 
is primarily with the company. I think this 


questions under contracts. 


is generally so regarded. 

If an arbitrator was presented with such 
a question, and if he found the company’s 
conclusion to be based on facts and was a 
reasonable one, even though others might 
reasonably arrive at another conclusion, he 
would accept the company’s decision in that 
kind of a balanced situation, as the company 
has the direction of the working forces. 
However, I think that more and more, by 
contract, the union is having a greater voice 
in these matters. For example, a very re- 
cent contract, covering well over 100,000 
persons, contains a new provision which I 
thought quite interesting. 

This provision says: “In any case ap- 
pealed to the arbitrator involving a continu- 
ing refusal of management to return an 
employee to work from sick leave of ab- 
sence which has continued for twenty-six 
weeks or longer, if the employee’s personal 
physician has found, contrary to the findings 
of the physician or physicians acting for the 
company, that the employee is able to do a 
job to which his seniority entitles him, the 
arbitrator may, if he deems it advisable, ob- 
tain the services of a competent physician 
and specialist in deciding the case referred 
to him the And, in- 
terestingly enough, the costs will be paid 
by both sides. 

That 
and, as I said before, when one gets under 


under subsection.” 


seems to be somewhat the trend, 


the contract itself, one is dealing with senior- 
ity employees who have much greater rights 
than do people just starting their employ- 
| think that probably there will be 
contract clauses of this kind. How- 
ever, without such a clause, generally in a 


ment. 
more 


case of this kind, the arbitrator will uphold 
the company’s determination if it is not 
discriminatory or arbitrary and has a rea- 
sonable basis in the facts, even though 
others might arrive at some other reason- 
able conclusion. 
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Proressor Hii: There is another varia- 
tion of that which was not implied in the 
question. One has the problem of an em- 
ployee who comes back on the job and who 
is employable but not at his old occupation. 
The occupation to which he can be assigned 
is one at substantially lower pay, and this 
gets one into some industrial relations prob- 
lems, too. 

Here is a question for Mr. Read: “After 
a coronary attack the employee is advised 
by the plant physician against returning to 
his old job. But does he have to lose his 
seniority if he takes another job in the 
same plant under a different union local?” 

Mr. Reap: That gentleman ought to go 
to his union meetings and get the proper 
sort of seniority clause enacted into the 
working agreement. It is that simple. 

ProFEssoR Hitt: Well, this assumes that 
the responsibility rests entirely with the em- 
ployee. May the company also have a re- 
sponsibility here? If they recognize that 
unfairness may be done to this employee, the 
company might very well negotiate this 
problem with the union. With a cooperative 
union and the right kind of industrial rela- 
tions climate, the matter could be resolved 
by appending to the contract specific clauses 
that cover such a specific set of conditions. 

Mr. Gorey: I think, if one had such a 
situation, that it would certainly be a case 
for negotiation. I am certainly confident, 
from my point of view, that management 
would certainly bend over backwards trying 
to assist a person in such a situation. As 
I said earlier, physical reexaminations are 
of vital importance to the well-being of the 
employee to make sure that he can return 
to his previous job or, if not, to one that his 
physical limitations will allow him to per- 
form. 


Dr. Roperts: I would like to make a 


couple of comments about that same subject. 


Perhaps some of you have worked in situa- 
which resolved that 
simply. To me it has been a very major 
problem in the past. 


tions allow it to be 
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For example, in the railroading industry 
with seniority such a strong factor in de- 
termining the assignment, the total factor 
almost, the physician is handicapped, be- 
cause, as a man becomes older and older and 
more likely to be less physically fit, he has 
the seniority to bid into the jobs requiring 
the greatest physical fitness, and just at the 
time that he reaches his goal, he is least 
likely to be fit to accept the position. If he 
is not fit, for example, to be a locomotive 
engineer, do we not often find that he is per- 
fectly fit for many other jobs? The answer 
is yes. But when we try to help see that 
that man is placed in another job, we most 
frequently run into real difficulties, in spite 
of the fact that management wishes to give 
this man another job. I have talked to some 
labor leaders in the railroad industry about 
it, and they say to me frankly, “Doctor, 
the problem is insoluble.” 

Now, I would hate to accept any such 
opinion, but it has been rather consistently 
offered me. There are many difficulties in- 
volved—the number of organizations repre- 
senting men, the generally one-way traffic, 
etc. An engineer or fireman, whose salary is 
good, cannot be transferred into a clerical 
position without serious derangement, unless 
it is into a vacancy at the bottom of the 
roster. If you had been waiting years as a 
clerk for a certain position, you would 
resent its being filled by a transferred older, 
partially disabled train-service employee. 

So that, while I do not know whether this 
is common or not, one can run into some 
pretty hard walls on this thing. And more 
than a few railroad firemen, while still 
healthy enough to do a lot of work, have 
been “put out to pasture.” 

Proressor Hii: I have a question here 
which asks Mr. Read: “Is it accepted with- 
in the unions that the withholding of medical 
information in the history at the time of 
preemployment examination is justification 
for discharge from the company ?” 

Mr. Reap: I do not believe that it is 
justification for discharge. Naturally the 
man who applied for work is anxious to get 
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His main idea is to make a liveli- 
think, 
there again, high responsibility is imposed 


the work. 
hood, not defraud the company. | 


on the industrial physician. If it is a con- 
dition that he can not detect on an examina- 
tion, I do not think that it 
assessed entirely against the employee. The 
The 


work there, because, as | 


should be 
problem is economic. man comes to 
said, he has a 
family to support, and he wants to support 
them through his own efforts. 

Then, of there is the human 
tendency on the part of all of us, including 
physicians, to pretend we are not sick, to 


course, 


just get rid of an ailment by endeavoring 
to overlook it and pretend that it is not 
there. | think that there again one geis into 
the emotional field and that it should not be 
entirely assessed against the employee. 

Mr. Wotrr: Of course, I am assuming 
in every instance of which I speak that it 
is the fact, and that it has been established 
as the fact, that the man has falsified his 
application. If one can not prove that, of 
course, one has nothing to go on. I would 
say that the burden of proving this is nor- 
mally on the company. 

First of all, the arbitrator would, I be- 
lieve, want to know whether in the course 


of a reasonable examination the company 


should have discovered this particular fact. 
If the company should have and did not 
through its own negligence, or through the 
scantiness of the examination, that might 
influence the arbitrator’s conclusion very 
considerably. 

The next thing the arbitrator would want 
to know was whether this failure to disclose 
had anything to do with matters that would 
Had the company 


known that this chap might become an un- 


affect the man’s work. 


usual physical risk, would it have employed 
him? Did it affect his work? And I sup- 
pose, even if the particular falsehood did 
not affect his work but his job was one 
which involved responsibility to the extent 
that his honesty would be a valuable part of 
his ability to carry on the job, that would 
be considered. 


Symposium 


Then I suppose, looking at it from another 
angle, the arbitrator would want to consider 
these questions. How long had the man 
been there after the statement was made? 
What kind of an employee had he been? 
Was the statement made, not because the 
man wanted to conceal, but simply because 
he thought the answers were not required? 
All these factors could be considered in con- 
nection with a possible modification of pen- 
alty in instances where the arbitrator has 
been given the right to modify. 

But again I say, where the employee 
definitely hid a situation which could not 
reasonably have been found by the medical 
but 
examination, if that was the only informa- 


department by a substantial routine 
tion the company had, or could have had, 
and if there were no mitigating factors, 
then I imagine the 
would go along with a discharge. Of course, 


arbitrator generally 


every case must be considered on its own. 
Proressor Hitt: Another facet might be 
the job responsibility for the safety and 
health of I am thinking in terms 
of employing an epileptic to drive a materials 
This increase the 
risk hazard of injury to others if that were 


others. 


handling truck. would 


done. 

The next question is directed to Mr. 
Gorey: “In a recent employee-attitude sur- 
vey medical service ranked 28 among 28 
items mentioned by employees as being im- 
portant to them in their work. Is occu- 
pational medicine really as important in 
industrial relations as we seem to be sug- 
gesting this morning?” 

Mr. Gorey: I personally feel that it is, 
most definitely.. 1 am not at all familiar 
with this particular survey, and I can only 
state from my own experience at our Chry- 
sler plants that we have seen increasing 
evidence of the confidence which the em- 
ployees are placing in the medical depart- 
ments and, further, that they are aware of 
the good that can be done for them as 
individuals. I have noted too that there is a 
greater tendency on the part of employees to 
this medical service. 


avail themselves of 
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They know that we have a good, impartial 
group of people who can serve them both 
mentally and physically. 

I might add one thing about the medical 
profession as applied to Chrysler. We have 
found in our organization that, in order to 
build up the confidence in the minds of our 
people and to attain the most benefit from 
our medical departments, the medical direc- 
tor must be given a position in our top 
corporate structure. Further, despite the fact 
that we have a divisionalized company, we 
give the medical director direct control over 
all medical activities throughout our cor- 
poration. This is generally known by all our 
people, and they realize that the director is 
directing a uniformly sound medical pro- 
gram and that the medical department at one 
plant will be operated exactly the same as at 
another, that the medical department will 
be completely impartial, and that local man- 
agement of a plant will have absolutely no 
influence whatsoever over the medical activi- 
ties. 

Our people realize these facts, and for 
these reasons I feel that, if a survey were 
made in the Chrysler Corporation, we would 
find entirely different results from those you 
just reported. 

Proressor Hitt: To me this response 
has limited significance without knowing the 
question that was asked. I want to know 
what it was intended to explore, and I want 
to know what the employees perceived the 
question as asking. If it was perceived by 
the employee to mean the importance of the 
medical service to him, obviously all the well 
people would say it was not very important, 
and all the people who had never been in- 
jured would think it was completely unim- 
portant. Presumably anybody who had been 
injured or had been ill and had been treated 
extremely well by the medical department 
would perceive it as very important. May | 


caution you to be careful in making deduc- 


tions from attitude surveys. It is important 
to know what is asked, what the employee 
perceives as being explored by the question, 
and whether he responded to the question 
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with the particular significance that was in- 
tended by the attitude surveyor. 

Dr. Roperts: [ just want to say Amen 
to what 
most of us, even those who are physicians, 
do not often appreciate our own health 
until it is threatened, and that would cer- 


Professor Hill has said, because 


tainly be a major factor in answering such 
a questionnaire. Another point is the type 
of medical service and the attitude of the 
medical department available in the com- 
panies where these surveys were made. It 
is true, though, as a matter of fact, that we 
cannot think of medical service as a panacea 
for all things. It is only one additional thing 
a firm can invest in to help improve its 
relationship with its employees. 

Proressor HiLv: One last question which 
seems to be significant to this panel discus- 
sion: “Why shouldn’t public relations de- 
partments in industry be more concerned 
with human inside the plant? 
Should we not have had a representative 
from the public relations function in an or- 
ganization present on this panel ?” 


relations 


Mr. Gorey: It would probably have been 
a fine thing to have had a public relations 
representative here on the panel. However, 
[ do not feel that public relations activities 
should enter too much into the medical ac- 
I think that the 
best public relations work for the medical 
departments can be accomplished by the 
medical personnel themselves. 


tivities of a corporation. 


For example, we had a situation recently 
in one of our plants which I believe illus- 
trates medical public relations at work. As 
you know, in the building of automobiles a 
great deal of lead is used; in various opera- 
tions it must be filed and ground and it 
causes an air-pollution problem. When it 
was first explained to the employees engaged 
in the filing and grinding of lead that they 
would be required to have blood tests from 
time to time, that they would be obliged 
to wear special helmets, and that they must 
exercise extreme care in their personal 
habits, they became somewhat alarmed. They 
continued to be alarmed until the medical 
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department saw the human relations prob- 
lem and took appropriate action. In so do- 
ing, the medical department fully explained 
to the employees the dangers involved, fully 
explained the services that they, the medical 
department, were prepared to perform for 
the employees, and thoroughly sold the em- 
ployees on the idea that the medical depart- 
ment was looking out for their best interests 
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and that the precautions prescribed should 
not cause alarm but be looked upon as pro- 


tection. 


Proressor Hitt: May I conclude, ladies 


and gentlemen, by congratulating you as a 


You 


gave us more problems to discuss than we 


group for your active participation. 


could discuss in the allotted time. 
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Hazards of Isocyanates in Polyurethane Foam Plastic 


Production 


JOHN A. ZAPP Jr., Ph.D., Wilmington, Del. 


Although organic isocyanates have been 
known, and many of their reactions re- 
corded in the chemical literature for at 
least a hundred years, it is only in the last 
two decades that their industrial potential 
has been appreciated and exploited. Perhaps 
the delay was due in part to the fact that 
much of the earlier work was concerned 
with monoisocyanates, whereas it is the 
polyisocyanates which have assumed im- 
portance as the building units of high 
molecular weight polymers, having prop- 
erties of adhesives, plastics, rigid or elastic 
foams, and synthetic rubber. 

Like most synthetic polymers, the ma- 
cromolecules based on polyisocyanates have 
proved to be physiologically inert. The iso- 
cyanate monomers which are used as start- 
ing materials in the polymerization are not 
physiologically inert. Although the acute 
toxicity of the commonly used polyisocyan- 
ate monomers is generally low, they are 
irritating to the skin, eyes, and respiratory 
tract; they may cause allergic skin sensiti- 
zation; and they are known to cause in 
some people an allergic asthmatic reaction. 

In view of the known properties of the 
isocyanates, the questions most frequently 
asked of the toxicologist are the following. 
1. What hazards are involved in the pro- 
duction of the polymer? 2. Do any derma- 
titis hazards exist with respect to skin 
contact with the polymer? 3. Are there any 
special hazards when the polymer is exposed 
to high temperature? 
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This paper is concerned chiefly with the 
hazards of isocyanates in polyurethane foam 
plastic production. will be 
made, however, of the dermatitis potential 
of the polymer and of the toxicity of py- 
rolysis products. The choice of polyurethane 


3rief mention 


foam plastic as an example is rather arbi- 
trary in the sense that the same hazards 
would be associated with the production of 
other forms of polymer based on _ polyiso- 
cyanates. The foam plastics are, however, 
the most widely used form at the present 
time. The hazards associated with all can 
be illustrated with this particular type. 

Consider first the chemical reactions by 
which a polyurethane foam plastic might 
be formed. One starts with a polyol, which 
may be a trihydroxy resin like castor oil, 
or with a polyglycol. Equation 1 shows how 
such a polyol reacts with a diisocyanate 
(usually aromatic) in the absence of water 
to form a prepolymer in which the terminal 
hydroxy groups of the polyol are replaced 
with isocyanate groups. 


2-OCN-R-NCO+HO-R’-OH (1) 
OCN-R-NH-CO-O-R’-OCO:NH-R-NCO (1) 


The now terminates 
with groups (-NCO) and 
has acquired urethane groups (-R-NH-: 
CO-O-R’-) in the Hence, the 
name polyurethanes to further polymeriza- 
tion products. 

If water and catalyst are added to the 
prepolymer (I), a further reaction takes 
place, as shown in Equation 2. 


original glycol 


isocyanate 


process. 


2-OCN===NCO(I)+H:0 (2) 
OCN===NHCONH===NCO (11) +CO; 
The larger molecule still retains active iso- 
cyanate groups which can react further with 
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_ Fig. 1—Use of polyurethane foam plastic in 
insulating a valve in a steam line, 


water and with each other or with mono- 
meric diisocyanate to build up still larger 
molecules and additional carbon dioxide. 

The evolution of carbon dioxide produces 
a foam, and as the molecular weight of the 
polymer increases, the products become more 
viscous and trap the evolved gas forming 
the stable foam. The reaction is also ex- 
othermic, and the heat evolved automatically 
cures the plastic and sets the foam. Termi- 
nal isocyanate groups on the polymer react 
in a variety of ways to form other end- 
groups. 

In the actual formation of polyurethane 
foam plastics, an excess of diiosocyanate 
monomer and water is usually present. The 
greater the excess, the more carbon dioxide 
produced, and the less rigid the foam. Rec- 
ognizing that the reactions are exothermic, 
it can be seen that there is a possibility 
that 
will be volatilized and escape from the mix 
into the surrounding atmosphere. 

One advantage of the polyurethane foam 


some of the monomeric diisocyanate 


plastics is that they can be formed readily 


without the use of elaborate equipment. 
Hence, they lend themselves to “on the 
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job” applications. An example of such an 
application is shown in .Figure 1 which 
illustrates the use of polyurethane foam 
plastic in insulating a valve in a steam line. 
A mold is placed around the valve. Then 
a mixture of prepolymer, diisocyanate, 
water, and catalyst is prepared and poured 
the mold. As the 


mixture foams, more 


into reaction occurs, 


heats up, becomes 
viscous, then rigid, and sets. After 1 hour 
and 22 minutes the excess has been trimmed 
away, and the mold removed. The resin is 
rigid but continues to cure and attains about 
90% of its ultimate structural strength in 
about 24 hours. Since the mold is open at 
the top, and the application is being made 
in the open, it can be seen that opportunity 
exists for some isocyanate to escape from 
the mix. 
Figure 2 shows another type of polyure- 
thane foam plastic application in which the 
opportunity for escape of diisocyanate mon- 
omer is recognizably greater. The prepoly- 
mer mix and catalyst are being sprayed onto 
a surface with a dual spray gun. A 1/16 in. 


to % in. layer of mix expands to about 


1 in. of foamed plastic. Additional layers 
can be sprayed on, building up the foamed 
layer to any desired thickness. 


Fig. 2—Applying the foam plastic by spray 
gun. 
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Perhaps because of the relatively recent 
industrial importance of the isocyanates, 
there is very little recorded information on 
their physiological effects. One of the first 
important papers on the subject was that 
of Fuchs and Valade,! which appeared in 
1951. This paper described a clinical study 
of toxic reactions among a group of work- 
ers exposed to toluene-2,4- and toluene- 
2,6-diisocyanate. After eight days to two 
months of exposure the workers complained 
of irritation of the eyes and throat, bronchial 
irritation, and then asthmatic attacks which 
occurred mostly at nighf. The symptoms 
cleared up on rest away from the job but 
reoccurred if the men returned to work. 
Fuchs and Valade commented, without giv- 
ing specific references, that according to 
German investigators the diisocyanates at- 
tack mucous membrane and the epidermis 
and have been held accountable for asth- 
matic attacks. They then described experi- 
ments on dogs, rabbits, and guinea pigs, 
which showed that the mixed toluene di- 
isocyanates were not highly toxic for ani- 
mals by subcutaneous injection or skin 
absorption but that they were respiratory 
inhaled. 


An article by Reinl? in 1953 mentioned 


irritants if 


the strong physiological activity of iso- 
cyanates of high vapor pressure. This in- 
vestigator noted that isocyanates in vapor 
form have a strongly irritant effect on all 
mucous membranes, particularly the respira- 
tory organs and eyes. He mentioned the 
possible occurrence of asthmatic or bron- 
chial difficulties related to what he termed 
isocyanate allergy. 

During 1952 and 1953 we had occasion 
to carry out in the Haskell Laboratory 
some studies of the toxicity of toluene- 
(TDI). this 
is widely used in polymerization 
reactions, and since we believe that the reac- 


2,4-diisocyanate Since ma- 


terial 


tions of TDI are representative of those 
of other aromatic diisocyanates, a discus- 
sion of the results of these tests is pertinent 
to an evaluation of the hazards of isocya- 
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nates in polyurethane foam plastic produc- 
tion. 

The acute oral toxicity of TDI was in- 
vestigated by administering graded doses of 
the undiluted material by stomach tube to 
rats. The procedure followed was that of 
Deichmann and Le Blanc, in which a single 
rat is tested at each dose level and the 
smallest lethal dose in the series is char- 
acterized as the approximate lethal dose 
(ALD). For TDI, the ALD was 7500 
mg/kg. of body weight. Subsequent determi- 
nation on a larger group of rats (10 at 
each of six doses) resulted in an L. D.so of 
5800 mg/kg., with 95% confidence limits 
of 7200 and 4600 mg/kg. 

Pathological examination revealed a cor- 
rosive action on the stomach as well as a 
possible toxic effect on the liver. Subacute 
oral tests, in which each of a group of six 
rats received by stomach tube 1500 mg/kg/ 
day (1/5 ALD), resulted in the death of 
three rats within a total of 10 treatments 
(2 ALD’s). Pathological examination again 
revealed injury to the gastroinestinal tract 


and liver. These results suggested the pos- 
sibility of cumulative effects. 


The acute skin absorption toxicity of 
TDI was tested on rabbits and was again 
found to be low, since doses as large as 
16,000 mg/kg. of body weight failed to kill 
or produce anatomical injury to the internal 
organs. Severe local skin irritation, however, 
did result. Tests on guinea-pig skin con- 
firmed the local irritancy of TDI, even when 
applied to intact skin as a 10% solution in 
dimethyl phthalate. In addition, it was pos- 
sible to produce allergic skin sensitization 
of guinea pigs with TDI. 

The application of TDI to the rabbit 
the 
eyelids and mild damage to the corneal 


eye resulted in marked irritation of 
epithelium, unless the eyes were promptly 
and thoroughly flushed with water. 

Acute inhalation studies revealed that a 
concentration (calculated) of 600 ppm for 
six hours was lethal to rats, whereas 60 


ppm for six hours was not. The animals 
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which died showed acute pulmonary con- 
gestion and edema. 

Subacute inhalation studies with rats, 
guinea pigs, and rabbits showed that six ex- 
posures to analytical concentrations averag- 
ing 9 ppm were lethal to three of six rats 
but were not lethal to guinea pigs and 
rabbits. Nevertheless, all survivors showed 
bronchitis and minimal bronchial pneumonia, 
whereas those rats which succumbed showed 
bronchitis and definite bronchial pneumonia. 

Additional subacute inhalation tests with 
small animals established the following. 

1. Ten six-hour exposures to analytical 
concentrations of 1 to 2 ppm of TDI 
produced no injury to rats, but after 
30 six-hour exposures and killing of 
the animals microscopic evidence of 
tracheobronchitis was detected. 

Two of the rats which had 30 six-hour 
exposures to analytical concentrations 
of 1 to 2 ppm of TDI were then ex- 
posed to 5 ppm. One died after the 
8th and one after the 11th six-hour 
exposure. Both showed emphysema 
without pumonary edema, 
showed definite bronchitis. 


and one 
Five rats survived 79 six-hour expos- 
ures to analytical concentrations aver- 
aging 1.5 ppm of TDI. When killed, 
four showed bronchitis of varying de 
gree. 

Guinea pigs were killed after 23, 40, 
57, 61, and 79 six-hour exposures to 
analytical concentrations of TDI aver- 
aging 1.5 ppm. All showed bronchitis 
with varying degrees of bronchial 
pneumonia. 

One rabbit died after three and one 
after five exposures to analytical con- 
TDI averaging 1.5 
ppm. In addition to bronchitis, these 
animals showed gastroenteritis, which 
may have been coincidental. A third 
rabbit was killed after 19 exposures, 
a fourth after 52 exposures, and a 
fifth after 71 exposures. All showed 
bronchitis, the last showing, in addi- 
tion, slight pulmonary edema. 


centrations of 


ASTIC PRODUCTION 


Four male dogs were exposed 35 to 37 
times over a period of months to 
analytical concentrations of TDI averaging 
1.5 ppm. The dogs reacted to exposure with 
lacrimation, coughing, restlessness, and spit- 
ting up of white frothy material. 
of these 


four 


secause 
reactions exposures were limited 
from 30 minutes to 2 hours daily. No con- 
sistent objective signs of anatomical injury 
to the dogs could be detected during expos- 
ure. Blood pressure, heart rate, respiration 
rate, body weight, blood chemistry, hema- 
tology, and urine chemistry remained within 
normal limits. Coughing, lacrimation, and 
spitting up of frothy material continued 
throughout the entire course of exposure. 
When killed after the last exposure, all 
dogs showed mild congestion and inflamma- 
tion of the trachea and large bronchi. A 
conspicuous feature was the presence of 
thick mucous plugs in some of the bronchial 
branches. 


These animal tests substantiate the con- 
clusions of Fuchs Valade! and of 


Reinl* that the isocyanates are strong irri- 


and 


tants of the eyes and respiratory tract. We 
did not, however, observe in our animals 
the asthmatic type of reaction which has 


been reported to occur in human beings 
and which suggests the possibility of inhala- 
tion sensitization in man. 

Unpublished 
States, as well as published reports from 
abroad, have confirmed the fact that asth- 


reports from the United 


matic reactions do occur in men exposed 
to TDI and to other diisocyanates. Swens- 
son, Holmquist, and Lundgren* reported 
three cases in 1955 of asthmatic reaction in 
men spray painting with polyisocyanate lac- 
quer. In the same year Friebel and Liich- 
trath * reported experiments on guinea pigs 
which were either injected intratracheally 
with TDI or were exposed repeatedly to 
an aerosol or vapor of TDI. They reported 
that the reactions in the guinea pigs re- 
sembled closely those observed in man, in- 
cluding asthmatoid respiration. They con- 
cluded, however, that the guinea pigs did 
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not have a true allergic asthma but rather 
a primary irritation which resulted in asth- 
matoid breathing. We have not observed 
this reaction in our series of guinea pigs. 
From the experimental and clinical observa- 
tions which have just been described, it 
seems safe to conclude that toluene-2,4-di- 
isocyanate is a material of low acute toxicity 
which, nevertheless, possesses a potential for 
producing considerable industrial morbidity. 
Exposure to TDI and other diisocyanates 
must be held to an absolute minimum if 
this morbidity is to be avoided. 


TaBLe 1.—Pyrolysis of Elastomeric Foams at 
200 C—Six Hours 


Sample 
wt. 


Weight 
Foam Loss 


Mortality 
Gm. per Cent 

Polyurethane 5.07 53 0/4 
Polyurethane 5.03 4.6 0/4 
Polyurethane C_.._......--. 5.07 3.6 0/4 
5.53 8.1 0/4 

Rubber latex... 5.03 3.5 0/4 


Polyviny! chloride ___.....-- 43.2 2/4 


The polyurethane foam plastics and other 
isocyanate polymers could conceivably con- 
tain a small number of isocyanate groups 
if, for some reason, they escaped reaction 
with water or moisture in the air. It 
would seem unlikely that any such free 
isocyanate groups could exist on or near 
the surface of the polymer. Nevertheless, 
since TDI can be demonstrated to be a 
potential skin sensitizer for guinea pigs, 
we thought it advisable to conduct patch 
tests with the use of polyurethane foam 
plastic on human volunteers. In these tests 
squares, 1 by 1 by 1/16 in. of foam plastic 
were applied by means of adhesive tape to 
the arms of 105 men and to the arms or 
legs of 104 women and were worn for six 
days. The skin under the patches was 
examined 24 hours after application and 
at the end of 6 days, when the patches 
were removed. Following a 10-day rest 
period, the patches were reapplied, removed 
after 24 hours, and the skin examined. 

None of the 209 subjects showed skin 
irritation after the first 24 hours of contact. 
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Three showed some erythema under the 
patch after six days. None of the 209 
showed a reaction when the challenge patch 
was applied 10 days later. We conclude 
from this that the polyurethane foam plastic 
in these experiments was not a skin sensi- 
tizer. 


In recent years we have come to recog- 
nize that plastics may yield toxic pyrolysis 
products when subjected to sufficiently high 
temperatures. We decided, therefore, to 
investigate polyurethane foam plastic in this 
respect and to compare its behavior with 
that of natural rubber latex, neoprene, and 
polyvinyl chloride foams. In our experi- 
ments the foam samples were heated in a 
glass tube by means of a multiple unit 
electric furnace, the temperature of which 
could be controlled to +2 C. Air at a flow 
rate of 2 liters per minute was passed 
through the heating tube and into a glass 
chamber containing two or four white rats. 

Table 1 shows the results when four rats 
were exposed to approximately 5 gm. of 
foam held at 200 C for six hours. Death 
in the animals exposed to polyvinyl chloride 
foam resulted from pulmonary congestion 
and edema. 


Table 2 the results of another 
series of experiments in which the foam 
temperature was held at 250 C for six 
hours. Polyvinyl chloride was not tested at 
this temperature in view of its behavior 
at 200 C. In the case of polyurethane A 
the one fatality occurred seven days after 
exposure, and autopsy showed extensive 
pneumonia with abscessation. This death 
may have been coincidental. Pulmonary 
congestion and edema were found in the 


shows 


Taste 2.—Pyrolysis of Elastomeric Foams at 
250 C—Six Hours 


Weight 
Loss, 


Gm. per Cent 
Polyurethane A- a 6.85 40.8 


Sample 
Foam Wt., Mortality 


Polyurethane B_. 6.20 20.5 
Polyurethane C__ 26.5 
Neoprene.___. cy 45.4 
Rubber latex___._- 16.0 
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TABLE a of Elastomeric Foams at 
60 C—Ten Minutes 


Sample Weight 


Gm. per Cent 
2.00 100.0 


97.3 


Foam Mortality 


Polyurethane A...- 0/2 


Polyurethane B..-. 2.00 0/2 


Polyurethane C-. 2.00 100.0 0/2 


Neoprene 


Rubber latex... 


2.00 75.4 0/2 


2.00 0/2 


Polyviny! 2.00 


rat dying after exposure to polyurethane B. 
The deaths occurring after exposure to neo- 
prene foam and rubber latex foam were 
also associated with pulmonary congestion 
and edema. 

Finally, 2 gm. samples of the foams were 
held at 560 C for 10 minutes, during which 
time decomposition was essentially complete 
for all except neoprene. The results are 
shown in Table 3. The rat dying after 
exposure to polyvinyl chloride found 
to have pulmonary congestion and edema. 
All survivors were killed 9, 10, or 11 days 
after exposure, at which time no gross or 
microscopic pathological changes were de- 
tectable. 

The pyrolysis 


was 


experiments, described 
above, illustrate two things. First, all plastic 
foams tested, including natural rubber latex, 
yield toxic pyrolysis products if the tempera- 
ture is sufficiently high. Second, the polyure- 
thane foam plastics are not more hazard- 
ous with respect to pyrolysis products and 
critical pyrolysis temperature than other 
foam plastics in common use. 

In conclusion, we believe that morbidity 
will result from exposure to toluene-2,4-di- 
isocyanate or other diisocyanates. 
These materials are fairly strong irritants 
to skin, gastrointestinal tract, 
respiratory tract. Asthmatic attacks 
result in a significant proportion of 
exposed to inhalation of the vapors, and 
skin sensitization may occur in a few ex- 
posed to vapor or liquid. This means that 
care must be taken in the handling of the 
diisocyanate monomers and during the pro- 
duction of the polyurethane foam plastics. 


similar 


eyes, and 
will 


men 
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We have suggested that the maximum conri- 
centration of TDI in the atmosphere should 
not exceed 0.1 ppm, basing this estimate on 
the positive weet os of animals to concen- 
trations of 1 to 2 ppm. We know that 50% 
of a group of 24 men reported that the 
least detectable odor of TDI was apparent 
at 0.4 ppm. At 0.5 ppm irritation of the 
nose and throat occurred. These concentra- 
tions exceed the suggested maximum and 
point to the necessity for analytical moni- 
toring of work areas. 

Our results from patch testing 209 human 
volunteers suggest further that no dermatitis 
hazard should result from ordinary handling 
and skin contact with polyurethane foam 
plastic. 

Finally, our pyrolysis experiments indi- 
cate that polyurethane foam plastics, like 
other foam plastics, can liberate toxic py- 
rolysis products but that the polyurethane 
foam plastics are not more hazardous 


this respect than other foam plastics in 
common use. 


in 


Addendum on Analytical Methods 
The analytical concentrations of TDI in the 
atmosphere referred to in this paper were deter- 
mined by the method of K. E. Ranta of the 
Haskell Laboratory. In this method air is passed 
through a glass bubbler containing 15 ml. of a 
reagent solution consisting of 200 ml. of 1% 
aqueous nitrite and 800 ml. of ethylene 
glycol monoethyl ether (Cellosolve). In the 
TDI a yellow-orange color develops 
on standing at room temperature, reaches a maxi- 
mum by one hour, and is stable for at least an- 
other hour. The color densities are read in a 


sodium 


of 


presence 


photoelectric colorimeter, with use of a 420 my 
filter against a reagent blank, and are compared 
against standards containing known amounts of 


TDI. At a sampling rate of 0.5 liter of air per 


minute and with use of a single absorption tube, 
recovery of TDI from a dry atmosphere is 90% 
to 95%. In the presence of moisture, TDI hy- 
drolyzes partially to give the TDI urea, 3,3’- 
diisocyanato-4,4’-dimethylcarbanilide, This gives 
essentially the same color with the nitrite-cello- 
reagent as TDI. Hence, 
determination includes both 
urea. 


solve n i i 
im moist air our 


TDI itself and TDI 


A rapid sensitive colorimetric method for TDI 
was described by K. Marcali before the American 


329 


95.7 1/2 


Chemical Society at the Atlantic 
Sept. 20, 1956. 

The paper describing this method has been ac- 
cepted for publication in Analytical Chemistry and 


1957. Marcali’s 


City meeting 


will appear early in method is 


based on diazotization of the amine resulting from 


the hydrolysis of TDI. The TDI urea that might 


be formed in moist air does not produce the 


typical color and is not included in the diazometric 
determination. 
Marcali’s 


called to the fact that 


method would be expected to give lower values for 


Attention is 


TDI in moist air than would our sitrite-cellosolve 
method. The toxicological importance of the TDI 
urea in inhalation exposures remains to be evalu- 
ated. 

Haskell Laboratory, E. I. du Pont de Nemours 


& Co., Inc., Elkton Rd., Newark, Del. 
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Health Maintenance in the Petroleum Industry 


C. RICHARD WALMER, M.D., Pittsburgh 


Health maintenance is the concept of posi- 
health, the result of the combined 
efforts of the entire fields of preventive 
medicine, industrial hygiene engineering, 
and human relations to keep well people 
well, both on the job and off. It entails a 
proper understanding of man in relation to 
his working environment and constant vigi- 
lance to keep the two in harmony with one 
another. 


tive 


Few industries have done more to pro- 
mote the realization of this ideal of positive 
health than have certain components of the 
petroleum industry. These have been out- 
standing pioneers in industrial medicine. 
While other industries still regarded their 
responsibilities for the health and welfare 
of their employees as limited to first-aid 
treatment and to traumatic surgery, the oil 
industry was finding it not only expedient 
but an absolute necessity to look beyond 
reparative medical work. The quest for oil 
took explorers and drillers into tropical cli- 
mates, into jungles and deserts and swamps, 
Vast 
reservoirs of crude oil would have gone un- 
tapped if measures had not been taken to 


prevent and control communicable diseases. 


and into other germ-infested areas. 


The situation was further complicated by 
the lack of community sanitation in the 
hurriedly constructed oil camps. Here again 
the oil industry took on the responsibility 
for protecting the health of all those asso- 
ciated with the development of the oil field 
and their families as well. Adequate hous- 

Accepted for publication Dec. 10, 1956. 

Managing Director, Industrial Hygiene Founda- 
tion. 


Presented at the 36th Annual Meeting of the 
American Petroleum Institute, Chicago, Nov. 12- 
16, 1956. This 1956 


\. P. I. Transactions. 


paper is to appear in the 


ing and all the other public health measures 
had to be taken. 

The petroleum industry learned the value 
of preventive medicine early and well. As 
health 
petroleum companies rank among the finest. 


a result, maintenance programs in 


Diversity of Operations 


Considering that each of the estimated 
500 separate and distinct operations repre- 
sented in the petroleum industry’ must be 
considered individually from the standpoint 
of hazards involved, one is even more im- 
pressed with the achievements of the oil 
industry in maintaining the health of its 
employees. 

Increasing the complexity of the problem 
is the far-flung geographical nature of the 
petroleum industry’s operations. In addi- 
tion, activities are divided into four major 
categories—production, transportation, re- 
fining, and marketing, each presenting dis- 
tinct health problems. 

Production.—In the production phase ex- 
ploring crews must be protected against in- 
fectious diseases. Since in these instances 
the environment cannot be controlled, the 
geologists, geophysicists, drilling crews, and 
those who follow them when oil is discov- 
ered must be given inoculations to immunize 
them against such diseases as malaria, yel- 
The 
actual drilling of the oil wells, although 
possessing a high index of hazard, does not 


low fever, typhoid, smallpox, ete. 


present a great variety of toxic exposures, 


although workers may suffer acute or 
chronic exposures, depending on the opera- 
tion. 
Refining.—A large number of the health 
hazards are inherent in the refining phase, 
which the 


industry and the 


today has all elements of a 


chemical accompanying 
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toxic hazards. The high volatility of most 
petroleum products and the temperature and 
pressure requirements of refining processes 
make it necessary to employ enclosed equip- 
ment rather generally. Much of this is lo- 
cated out-of-doors and presents problems 
of hazardous exposure more commonly dur- 
ing maintenance work rather than routine 
operation. However, complete enclosure is 
not always accomplished in fact. 

To describe the equipment even in vacuum 
distillation as an enclosed system is to use 
a relative term. At each sampling point in 
the product lines there is a potential source 
of leakage. General inspection requires 
opening the enclosed system and results in 
the loss of a certain amount of material to 
the atmosphere. Even though no great 
percentage of the total volume of products 
that are processed escapes to the air, it is 
apparent that enclosure is not complete in 
the absolute sense. Where toxic materials 
are handled, the possibility of a health hazard 
cannot be dismissed with a statement that 
they are handled within a closed system. 


Even if such a system assured the safety of 
the control operator, it still would pose 
health problems where service and mainte- 
nance crews are concerned. 


In addition to exposures to toxic materials 
during processing, maintenance workers are 
subject to the hazards of their own specific 
trades. Toxicological problems are also pres- 
ent in the research and control laboratories. 

Transportation and Marketing. — The 
problems of the marketing and transporta- 
tion divisions center around the fact that 
filling stations cover the whole country. It 
is desirable that attendants be healthy and 
efficient, even though each station may be 
leased by an individual operator. Also in- 
volved are those workers who ready the 
products for transportation. The problems 
of the Medical Department in this aspect of 
its responsibilities will be taken up a little 
later. 


Ever-Changing Pattern of Production 


On the whole, it would seem that provid- 
ing health protection for workers in the 
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petroleum industry is more complex than 
in other more standardized industries, par- 
ticularly in the processing phase. This is 
principally because of the dynamic nature 
of conditions in the refineries, the constant 
changes in equipment, and the type of pro- 
ducts. As modern technology opens the way 
for an ever-increasing number of new 
products, new occupational health problems 
are introduced as well. So rapid have been 
the development and application of new 
chemical substances that the danger exists 
that sufficient time may not elapse before 
production to collect data on their toxicity 
and hazards. 

The simple fractionation of crude oil of 
the early days of the industry did not involve 
industrial health problems of great magni- 
tude. Hazards in the processing of oil 
products consisted mainly of accidents. Now, 
chronic poisoning potentials have come into 
being. Examples are the organic solvents 
and the protoplasmic poisons. 

Products manufactured include synthetic 
rubbers, insecticides, paints, solvents, plas- 
tics, waxes, and many others with which 
those assembled here are quite familiar. 
Many chemicals are used in manufacturing 
these products. Indeed, the modern petrol- 
eum refinery is a complex chemical process- 
ing plant, requiring constant supervision and 
control of toxic and potentially hazardous 
materials. 

Health Maintenance and Technological 
Changes.—How then, faced with an ever- 
changing pattern of production, can the 
petroleum industry be assured that its health 
maintenance program is keeping abreast of 
technological changes? Despite differences 
in the procedures for control of health haz- 
ards among various types of industries, the 
same basic approach can be applied to each. 
It involves the concerted efforts of industrial 
physicians, hygienists, engineers, toxicolo- 
gists, and other industrial health specialists. 

The complete and effective environmental 
health program attempts to evaluate and 
control those environmental factors in an 
industry which may affect the health, well- 
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being, and efficiency of the workers. In 
order to accomplish this, it is necessary to 
have an understanding of the man and his 
relationship to the tools with which he 
works, the materials upon which he works, 
and the physical and chemical properties 
of the working environment. 

Evaluating the Working Environment. 
The first step is to evaluate the working 
environment, analyzing all potentially toxic 
materials to which workmen are exposed 
and measuring the exposure. The industrial 
hygienist must consider that harmful sub- 
stances have three modes of entry into the 
body—by contact with the skin, by ingestion, 
and by inhalation. 

Occasionally workmen can suffer expos- 
ure to a harmful substance by all three 
routes; for example, elemental mercury. 
Special engineering features should be em- 
ployed to control and collect spillage, to 
control evaporation, and to provide adequate 
ventilation. High levels of housekeeping 
and of personal hygiene are also necessary, 
and, of course, close medical surveillance of 
those who work in the restricted area.” 

The industrial hygienist and the industrial 
physician work closely together in the form- 
ulation and application of adequate toler- 
The findings of the 
physician in his study of 
interpreted and used in 


standards. 
man must be 
the studies of the 
working environment by the industrial hy- 
gienist to be of practical use in the conserva- 
tion of human resources, and vice versa. 
Toxicological Investigations—In cases 
where data are sketchy or nonexistent con- 
cerning the toxicity of a substance, as is 
often the case with new materials, studies 


should be made in the biological laboratory. 
In order to institute an 


effective program 
the industrial hy- 
gienist must have precise data on the nature 
of the potential hazard, its magnitude, its 
mechanism of action, and the nature and 
degree of reaction. Such data are obtained 
from toxicological studies. 

A toxicological study, to be 
has three phases: the acute, the 
and the chronic toxicity.* 


of preventive measures, 


complete, 
subacute, 


Walmer 


The most frequently performed investi- 
gations are the acute, or “range-finding,” 
type. The purpose is to determine the de- 
gree to which a given substance is injurious 
to animals when administered as a single 
dose and, by extrapolation of such data, to 
obtain an approximation of its potential to 
injure human tissues. 

Subacute toxicity studies are carried out 
to provide preliminary data on potential 
chronic effects in a relatively short period. 
In contrast to the range-finding tests, where 
a single lethal dose is sought, multiple doses 
of sublethal magnitude are used in the sub- 
acute studies. 

The study of chronic toxicity, on the 
other hand, is designed to determine the 
subtler biochemical, physiological, and mor- 
phological changes which may be caused by 
the substance to be tested. It affords an 
opportunity to study the mechanism by 
which a substance exerts its deleterious 
biological action, and thus it may provide 
a basis for early diagnosis of injury or 
for measure of excessive absorption before 
injury occurs. One important area of study 
in the biological laboratory at the present 
time is that of carcinogens, such as shale 
oil, arsenic, tar and pitch, anthracene, creo- 
sote, benzene, aromatic amines, chromates, 
aniline dyes, naphthylamine, ultraviolet rays, 
X-ray, 


and materials.* 


As new chemicals are developed, the list of 


radium, fissionable 
suspected carcinogens will no doubt grow. 
Much more study is needed to determine 
the potentiality of various agents as possible 
carcinogens and the factors that determine 
susceptibility of the individual worker. 
Methods are being developed for producing 
lung Such methods 
would be useful for the investigation of 


cancers in animals. 
products suspected. The limitations of pres- 
ent techniques of developing skin cancer in 
mice are well recognized. The conventional 
technique consists of the repeated applica- 
tion, over a prolonged period, of the material 
suspected of producing frank carcinoma. 
There is much need for research to develop 
additional techniques. 


333 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Another field of study being pursued 1s 
the problem of occupational dermatitis. An 
analysis of reports from State Compensation 
Boards shows that about two-thirds of all 
occupational diseases are skin diseases. The 
U. S. Public Health Service estimated in 
1945 that our annual loss from occupational 
dermatoses was $100,000,000. A reported 
1% of all workers in industry are affected 
with industrial skin diseases in the course 
of a year.’ Much of the literature attributes 
a large percentage of occupational dermatitis 
to petroleum products. The problem is com- 
mon to the industry as a whole, and in such 
cases cooperative studies are the most feas- 
ible. Such a pilot study was conducted this 
year for the American Petroleum Institute 
to gain knowledge on the actual incidence 
of occupational dermatitis due to petroleum 
products and the relative importance of 
petroleum products as a causative agent in 
industrial dermatitis. The statistics pinpoint 
the areas of further research which can 
best lead to a reduction in the incidence. 

Another area in which the _ biological 
laboratory has proved valuable is in investi- 
gations of dust hazards, the reaction of 
pulmonary tissues to chronic irritation by 
the foreign material, and participation in 
product development. Here toxicologic stud- 
ies may further 
compounds which 
prove to be too toxic for the intended use. 


serve to eliminate from 


consideration certain 

The toxicologist is obviously an import- 
ant part of the “team” and is essential to 
the maintenance of health in industry. 

Often thorough study of a toxic material 
makes possible its continued use, because 
safe methods of handling it can be de- 
veloped; such the with 
tetraethyl lead. 


has_ been case 

Each new material to be used in a plant 
should first be assayed to ascertain its po- 
tential toxicity, its inertness, and the proper 
way in which it should be handled. One 
company’s method of doing this is to require 
the purchasing agent to obtain approval or 
qualifications from the industrial hygiene 
department before the order is placed. Thus, 
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preventive measures can be taken before 
symptoms of disease arise.® 


Medical Aspects of Health Maintenance 


The information obtained by the industrial 
hygienist and the toxicologist identifies en- 
vironmental effects on Advised of 
change, the industrial 
accurate knowledge of 


man. 
conditions as they 
physician will have 
production methods 


and materials and can 
proceed in the most effective manner, He 
must also be apprised of the number and 
identity of persons requiring closer medical 


observations because of environment. This 
duty should be assigned to specific person- 
nel on either the safety or the industrial 
hygiene staff. Continuing observation for 
possible effects from given environmental 
factors is necessary for better definition of 
the exact health status of the workers. 
Medical findings are particularly import- 
ant in determining the degree of hazard in 
oil refineries. There are few situations in 
which the information gathered by the in- 
dustrial hygienist can be compared with 
medical data, and extended medical studies 
are necessary after the substances encoun- 
tered are 
logically. 


identified and described toxico- 


One of the most essential tools for pro- 
tecting the health of the worker is the 
physical examination. In fact, it is the key- 
stone of the 
program. 


whole constructive medical 


Once the en- 
and their possible 
physiological effects are determined, the 
responsibility for correction lies with the 
engineer. In the complete industrial health 
program control of health factors is most 
effectively and economically accomplished 
by giving proper consideration, in the origi- 
nal design of processing equipment, to the 
physiological and psychological requirements 
of the men who will use the equipment. 
When unanticipated hazardous situations 
arise, it is necessary to alter the existing 
procedures. Exhaust ventilating or personal 
protective equipment can remove contami- 


Preventive Engineering. 


vironmental hazards 


Vol. 15, April, 1957 


} 
) 
= 


HEALTH MAINTENANCE IN PETROLEUM INDUSTRY 


nants from the air before they reach the 
worker, or the location and physical ar- 
rangement can be planned so that the worker 
can operate safely. The equipment itself 
should be designed in conformity with the 
principles of human engineering. Where 
the environment cannot be completely con- 
trolled, workmen should be given protective 
equipment and clothing. Occasionally it may 
be imperative to rotate workers to reduce 
individual exposure time, but this is a poor 
substitute for actual control and contradic- 
tory to the concept of health maintenance. 
Protecting the maintenance worker poses 
the greatest problem. Personal protective 
clothing and temporary ventilation equip- 
ment are necessary, and provisions must be 
made for safe removal of harmful sub- 
stances from units prior to entry for repair 
work, 

Automation is, of course, providing the 
solution to many environmental health prob- 
lems. Workers are no longer exposed to 
air contaminants when enclosed systems are 
utilized, and workers are completely isolated 
from the actual processing areas. Such fac- 
tors as ventilation, temperature, humidity, 
and noise no longer affect their perform- 
ance. Elimination of the actual contact 
between worker and material makes possible 
use of compounds formerly too toxic to 
handle safely.? 

It can be seen from the foregoing that 
preventive medicine is the meeting of prob- 
lems in the “preclinical” stage, the elimina- 
tion of hazards before they can inflict injury 


or illness, and the requirement of teamwork 
of specialists in many professional fields. 


Objectives of Medical Program 


[ have briefly covered the ways in which 
the medical program of a company is inti- 
mately related to the activities of the in- 
dustrial hygiene department and those of 
other health specialists. This integration is 
completely successful only when the medical 
program has been “tailored” for the specific 
needs of the company. A great deal of good 
medical service already exists within most 
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oil companies, but frequently there is no 
over-all coordinating authority, and as a 
result the program is not as efficient or as 
economical as it could be. The preventive 
aspects generally suffer when a program 
lacks unity. 


The objectives of an efficient medical 
program are (1) to determine the physical 
and mental fitness of prospective employees 
for the job to which they are to be as- 
signed and (2) to maintain, or improve, the 


health and efficiency of those already em- 
ployed. As a result, both employer and 
employee benefit through better job place- 
ment, improved employer-employee _rela- 
tions, increased efficiency, less spoilage, and 
increased production, through reduction in 
accidents and therefore in compensation 
costs, and through reduced absenteeism, in- 
creased span of gainful, productive employ- 
ment, and decreased labor turnover. 

While attention should be paid to the 
health of the whole the Medical 


Department should by no means attempt to 


man, 


be a substitute for the family physician or 
The 
main role of the Medical Department where 
nonoccupational illnesses are concerned is 


the existing public health services. 


to help uncover such conditions, so that 
the employee can seek medical attention in 
the early stages, and to counsel the employee, 
so that he is better able to take care of his 
health. 

The activities of the Medical Department, 
like those of the industrial hygiene group, 
are complicated by the diversity of opera- 
tions and their geographical extent. Pre- 
placement and examinations, 
medical care on land and sea, health coun- 
seling, and all 


periodic 
aspects of a _ preventive 
medical program must be available to em- 
ployees all over the world. The need for 
a well-organized program is obvious. This 
requires the understanding and cooperation 
of management and a clear understanding 
of its responsibilities for the health of the 
workers. 
medical 


Basic to the establishment of a 


program in any company is its 


policy in regard to health, safety, and work- 
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ing conditions. The first step should be a 
conference with top management for the 
purpose of broadly outlining the problem. 
As one result, it usually is possible to deter- 
mine the general attitude of management 
toward the medical program, including what 
is expected from it, how policy is estab- 
lished, and place of the Medical Department 
in the organization.® 

A statement of general policy, preferably 
written, should clearly define functions of 
the Medical Department, delegating to it 
sufficient authority and proper responsi- 
bility and setting forth management’s con- 
cept of its responsibility for the health and 
safety of the individual workers. 


Organization of the Medical Department 


The Medical Department is a staff func- 
tion, and since it is concerned with people, 
it is primarily an industrial relations ac- 
tivity. Therefore, where the structure of 
the industrial relations department is good, 
the Medical Department can be made an 
organizational part of it. 

If it is desired to control the incidence 
of illness, injury, misplacement, and early 
retirement, the physician must be permitted 
to do more than diagnose and treat illness 
or injury in individual cases. Employees 
must be available for study as individuals 
and in groups; processes and materials must 
be catalogued according to their hazards, and 
unknowns evaluated by research. The phy- 
sician who is aware of toxic, physical, 
sanitary, infectious, nutritional, and stress- 
ful potentials in the work environment will 
be constantly on the alert for epidemiological 
signs of disease in the group of employees 
for whose occupational health he is re- 
sponsible. This is the field in which medi- 
cine offers the greatest monetary saving 
and gain in human relations to industry. 
Since these medical activities involve contact 
with many levels of supervision in all de- 
partments of a company and since they often 
require financial expenditures and modifica- 
tions in employee relations, processes, and 
materials, it is the Medical 


obvious that 


336 


M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Director must be so placed in the organiza- 
tion that his recommendations will receive 
reasonable consideration. 

Qualifications of the Medical Director.— 
The physician who is to be selected for 
the position of Medical Director should 
have specific qualifications for the job in 
addition to that of a good clinical back- 
ground. He must be an administrator, with 
an understanding of production problems, 
principles of management, and essentials of 
personnel work. He must have a broad 
general knowledge of industrial medicine 
and toxicology and specific knowledge of 
the toxic or disease-producing characteristics 
of all materials and processes used in the 
industry in which he is to be employed. His 
knowledge should include the diagnosis and 
treatment of all occupational health entities, 
as well as nonoccupational illnesses, rehabil- 
itation, health education, and compensation 
laws. Without such information and with- 
out familiarity with the physical demands 
of the various jobs and their inherent haz- 
ards, he would not be able to make a proper 
preplacement examination. 

Policy Regarding Physical Examinations. 
—It is perhaps more essential in the pe- 
troleum industry than in any other that the 
procedures and forms for physical exami- 
nations, given as a prerequisite to employ- 
ment and periodically as part of a construc- 
tive health maintenance program, be defin- 
itely established. Such examinations not only 
uncover physical defects, which often can 
be corrected, but they assure that an em- 
ployee will be placed on a job commensurate 
with his physical and mental ability. 

The needs and extent of the examination 
vary. The part-time filling station attend- 
ant, the seaman, the refinery worker, and 
the oil driller would obviously not require 
the same type of preplacement examination. 
In addition, minimum physical standards 
for specific positions may be mandatory, as 
in the case of truck drivers who must meet 
the physical standards set up by the Inter- 
state Commerce Commission. 
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Where employees are hired at places too 
distant to be examined at the Medical De- 
partment, the examining physician in that 
community should be informed of the exact 
needs of the company. The Medical Depart- 
ment should have general knowledge of 
physicians throughout the areas and should 
be able to avoid sending applicants to those 
who are not properly qualified to make the 
examinations. Close contact with community 
physicians is possible when a Central Med- 
ical Department exists. 

Periodic examinations are an essential 
part of the constructive medical program as 
well. They permit early detection of devia- 
tions from normal health. The extent to 
which periodic examinations are utilized 
depends on company policy, but all em- 
ployees in potentially hazardous areas should 
be examined at regular intervals to reveal 
any effects from the particular hazards in- 
volved. It must be that the 
will have a different 
pattern of exposures, one that is harder to 
establish and 


remembered 
maintenance worker 


follow through medical 
scrutiny. 

The health maintenance pro- 
gram has reached new heights and involves 
not only the top echelon but also the young 
men who some day will take their place. 
Generally speaking, these executive exami- 
nations are complete physical inventories and 


executive 


are designed to maintain at optimum level 
the health of the administrative group. 
Medical Records.—A procedure for re- 
porting and recording all medical informa- 
tion regarding an employee should be set 
up. The system used by one large oil 
company seems to be efficient, yet simple 
in operation. The physician’s report of the 
preplacement physical examination is held in 
a temporary file, and a medical evaluation 


only is forwarded to the personnel depart- 
ment. This is as it should be. Only Medical 
Department personnel should have access to 
medical 


records. The employing official 
should not be the one to notify the applicant 
of the results of the physical examination. 
This is the responsibility of the physician; 


Walmer 


IN PETROLEUM INDUSTRY 


otherwise, misunderstandings may arise, and 
the acceptance of the physical examination 
in industry is retarded and its effectiveness 
minimized. If the applicant is employed, 
the health inventory report is placed in a 
permanent file under the employee’s name. 
The file is then periodically brought to the 
physician’s attention for consideration of 
follow-up examinations. A file tickle card 
is placed in a chronological data card file, 
assuring that on the date specified the em- 
ployee’s medical file will be reviewed and 
the employee invited to make an appoint- 
ment for a periodic examination if advis- 
able. Where the follow-up examination is 
purely optional, the employee who fails to 
appear is invited again at stated intervals.® 

Medical records are valuable in epidemio- 
logical studies to determine the relationship 
of certain diseases to occupation. Incidence 
rates of those diseases are related to possible 
causes by statistical methods. 

The following should be kept in mind 
The 


kinds of records to be kept are determined 


when establishing a record system. 


by the information that is desired from 
them. Is it important to know how many 
employees go through the dispensary in a 
certain period of time or the kinds of in- 
juries and illnesses which are treated? Does 
one want to find out whether certain areas 
account for an unusual number of visits 
to the Medical Department? Of course, it 
is not always possible to anticipate every 
possible problem that might arise concern- 
ing which past information would prove 
valuable. One can only design the records 
as completely as possible within one’s pres- 
ent knowledge. Also records are of little 
value unless the data are properly utilized. 

Over-All Health of Employees —For the 
most part, this paper has been concerned 
with the ideal health maintenance program 
But 
much ill health and inefficiency result from 
faulty living habits and personal problems 
off the job, and industry is beginning to 
include in its health program attention to 
the over-all health of its employees, both 


as it pertains to the occupation itself. 
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on and off the job. Even more recent has 
been the attention turned on mental health. 
Each year mental illness is responsible for 
the loss of an estimated one million man- 
years of work and is the leading cause of 
illness and disability. Neurotic ailments are 
brought about by a combination of forces 
bearing on an individual at any one time. 
Heredity, childhood experiences, type of 
schooling, social and cultural background 
all play a part in the total of an 
individual's experiences and determine just 
how that person will adapt to the stress 
of everyday living. While industry cannot 
be blamed if a worker’s tolerance to emo- 
tional conflicts is low, nevertheless a per- 
son’s occupation is a major part of his 
environment. Difficulty or confusion to the 
minds of industrial workers may be trig- 
gered by such things as new responsibility 
on the job, factory fatigue, poor job place- 
ment, or adverse working conditions. When 
these are coupled with personal anxieties, 


sum 


disturbances in the .nérvous system result 


which have no obvious organic pathology.'® 


A good industrial medical program can do 
much to reduce psychosomatic illnesses by 
recognizing and controlling occupational fac- 
tors and by counseling the employee on both 
occupational and personal problems which 
affect his health. 


small 


Obviously, a cannot 


plant eco- 
nomically sustain a program of the stature 
just discussed. But if the basic concepts 
of constructive medicine are followed and 
if the working environment is kept health- 
ful, medical services can be obtained through 
community facilities or through cooperative 
industrial clinics. 

In the larger oil companies there is a 
great value in a_ centralized program, 
through which experience and information 
obtained at one refinery may be transmitted 
to others within the company having the 
same problem. In addition, a centralized 
agency for health protection activities, over 
and above the facilities that exist in the 
individual plants and affiliates, is desirable, 
because it results in unity of policy. Smaller 
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and more remote plants may benefit more 
fully by the experiences gained in the larger, 
more favorably located companies, and spe- 
cial industrial hygiene services can be made 
available to them when required. Top-level 
management can also be kept informed at 
all times on occupational health problems 
and their control. 

The integrated health maintenance pro- 
gram over hundreds of separate plants of 
an oil company is a far cry from the situa- 
tion only 30 years ago, 
reported it would not be a paying proposi- 
tion to make the malaria-free, but 
good treatment could be given the stricken 
employees by enlarging the hospital from 
14 to 35 beds!" 


when a physician 


place 


| believe that the petroleum industry has 
done much to bring about an enlightened 
concept of constructive medicine and posi- 
tive health and that it will continue to be a 
leader in reaching new heights in health 
maintenance in industry. 

Mellon Institute, 4400 Fifth Ave. (13) 
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Studies on the Toxicity of O,O-Dimethyl-2,2- 
Dichlorovinyl Phosphate (DDVP) 
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SEDLAK, B.S.; ARNOLD M. MATTSON, Ph.D., and WAYLAND J. HAYES Jr., M.D., Ph.D., Savannah, Ga. 


The isolation, identification, and synthesis 
of O,O-dimethyl-2,2-dichlorovinyl phos- 
phate (DDVP), an insecticidally active or- 
ganic phosphorus compound, have recently 
been reported.1 In view of the potential 
widespread application of the compound, 
studies have been carried out at this labora- 


tory on the mammalian toxicity of DDVP. 


Methods 


The DDVP used was a technical grade material 
prepared by the Chemistry Section of this labora- 
tory, except where material of another purity 
was specified. 

Experimental animals used in this study were 
white rats of the Sherman strain, adult rhesus 
and cynomolgus monkeys of both sexes, and adult 
female Rhode Island Red hens weighing between 
2200 and 2938 gm. 

The single oral doses of DDVP were given in 
peanut oil solution by stomach tube. The dosage 
rate was kept constant at 0.005 ml/gm. of body 
weight. The dosage level was varied by changing 
the concentration of DDVP in the solution. 

The dermal doses were applied in xylene solu- 
area of clipped skin between the 
The skin washed with a 
alcohol and acetone before the 
poison was applied. A constant dosage rate of 
0.0016 ml/gm. of body weight The 
L. D.szo values were calculated by the method of 
Litchfield and Wilcoxon.’ 

A Peet-Grady chamber was used as the ex- 
posure cell in a part of the studies of the Te- 
spiratory toxicity of DDVP. The walls and ceiling 
of the experimental chamber were sprayed with a 
xvlene emulsion containing DDVP _and 
6% sugar at the rate of about 100 mg. of toxicant 
A second chamber was treated 


tion to an 
shoulder blades. 
1:1 mixture of 


was 


was used. 


47 J 
2.5% 


per square foot. 
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similarly with the same volume of a control for- 
mulation. Two very similar separate experiments 
were carried out. They differed only in that the 
experimental second test was 
sprayed with DDVP emulsion at the rate of ap- 
proximately 195 mg. of toxicant per square foot. 
These tests will be designated as Trial 1 and 
Trial 2, respectively. 


chamber in the 


In both instances the experimental animals were 
confined in the chamber for a two-week period. 
Groups of 10 male and 10 female weanling white 
rats were placed in each chamber in each trial 
Five rats were housed in each cage. One rhesus 
monkey was placed in each chamber during Trial 
1; two monkeys per chamber were used for Trial 
2. All animals were observed daily for the de- 
velopment of any signs suggestive of DDVP in- 
toxication. Body weights of all animals were 
taken three times weekly. Air samples were col- 
lected periodically from both experimental and 
control chambers during Trial 2 and analyzed 
for DDVP content by the thod of total phos- 
phorus.’ A third chamber wh: 1 had been sprayed 
with DDVP but in which no animals were housed 
was also tested for DDVP vapor concentration. 
Blood samples for cholinesterase determination 
were taken from half the rats and all the mon- 
keys after one week and again after two weeks 
of confinement in the chamber. All the monkeys 
were also bled prior to any exposure and during 
the postexposure period until each poisoned ani- 
mal regained its preexposure blood enzyme level. 

Other tests involving respiratory exposure of 
rats were carried out in Hazleton-type chambers. 
In these tests six male and six female rats were 
confined per chamber, six animals of the same sex 
on each tier. The entire air supply available to 
the experimental groups was passed through a gas 
saturation bottle equipped with a fritted-glass 
disc and containing 250 ml. of DDVP. In some 
tests the total amount of DDVP in the gas satu- 
ration bottle was composed of two fractions, one 
of which had had previous aeration while the 
other had not. The rate of air flow was set at 
160 cu. ft. per day. The animals remained in 
the chamber approximately 23 hours per day 
They were removed from the chamber during the 
remaining hour and were allowed free access to 
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food and water. Food, but no water, was also 
placed in the chambers. The control animals were 
similarly treated, except that no DDVP was put 
in the gas saturation bottles. Six separate trials 
involving minor variations in exposure conditions 
were carried out. 

Each chicken tested was predosed orally with 
an aqueous solution of atropine sulfate at the rate 
of 15 mg/kg. Fifteen minutes later the designated 
dose of DDVP in peanut oil was administered 
subcutaneously. 

All in vivo cholinesterase determinations were 
carried out by the electrometric method of 
Michel.* For those tests involving rats, 0.04 ml. 
of erythrocyte was used for each determination in- 
stead of the usual 0.02 ml. volume. Tests for de- 
termination of in vitro inhibition of cholinesterase 
were carried out by the method of Giang and 
Hall.= The enzyme used was purified bovine red 
cell cholinesterase.* 


Results 


1. Acute Toxicity to the Rat.—The acute 
dermal and oral L. D.s9 values for technical 
DDVP to adult male and female white rats 
are shown in Table 1. The corresponding 
values for parathion and for malathion, as 
determined under essentially identical condi- 
tions, are also given for comparison. It 
can be seen that in each instance DDVP 
is much more toxic to rats than malathion 
but considerably less toxic than parathion. 

All rats killed by single dermal doses of 
DDVP died within 20 minutes after dosage, 
except a male dosed at 110 mg/kg. which 
survived for 40 minutes and another male 
dosed at 125 mg/kg. which survived for 
17 days. With the exception of the latter 
animal, all the surviving rats appeared to be 


* Obtained from Bios Laboratories, New York. 


completely recovered within 24 hours after 
dosage. No significant degree of weight 
loss was noted among the survivors. The 
symptoms of poisoning observed were bulg- 
ing eyes, excessive lacrimation, sialorrhea, 
generalized muscle  fasciculations, and 
tremors. Some of the animals were ob- 
served having convulsions just prior to 
death. 

Following single oral doses of DDVP all 
rats which were killed died within one hour. 
Symptoms of poisoning noted were similar 
to those observed following dermal applica- 
tion. All the survivors appeared to be com- 
pletely recovered within 24 hours after 
dosage. 

It was of interest to determine the com- 
parative toxicity of pure and technical prep- 
arations of DDVP. The pure DDVP 
contained greater than 99% of the active 
ingredient, while the technical material con- 
tained 90% DDVP. For this purpose an 
acute oral L. D.59 study with pure and tech- 
nical DDVP was conducted with the use of 
adult female rats. The L. D.s59 values were 
found to be 68 mg/kg. (with 19/20 confi- 
dence limits of 59 to 79) and 80 mg/kg. 
(with 19/20 confidence limits of 71 to 90) 
for pure and technical DDVP, respectively. 
These results indicate that, under the condi- 
tions of the test, pure DDVP is slightly 
more toxic than the technical grade material. 
The oral L. D.s9 of technical DDVP for 
female rats, reported above, is somewhat at 
variance with that given in Table 1, which 
was determined at a different time. 


TABLE 1—Acute Oral and Dermal L.D.s« Values for DDVP, Parathion, and 


Malathion to Male and Female White Rats 


DDVP* 
Route of 
Administration 19/20 
Confidence 
Limits, 
Mg./ Kg. 


Male 62-104 
Female 56 48-65 
Male 84-137 


Dermal 
Female 75 59-96 


Durham et al. 


* Technical grade inaterial prepared at the Technical Development Laboratories 


Parathion Malathion 
19/20 19/20 
Confidence L. D.s0, Confidence 
Limits, Mg./Kg. Limits, 
Mg./Kg. Mg./Kg. 


10.2-16.5 1,375 1,206-1,568 
3.2-4.0 1,000 $85-1,130 
14.0-34.0 >4,400 


4.9-9.5 >4,400 


L. D 
Mg./Kqg 
6.8 | 
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2. Toxicity of Repeated Oru! Doses to 
the Rat.—Seven groups of ten young fe- 
male white rats were fed for 90 days on 
diets containing 0, 5, 20, 50, 200, 500, and 
1000 ppm, respectively, of DDVP admixed 
into their normal diet of ground Purina 
laboratory chow. These dietary DDVP con- 
tents corresponded to daily toxicant dosages 
of 0, 0.4, 1.5, 3.5, 14.2, 35.7, and 69.9 
mg/kg., respectively, based on the actual 
food intake of the test animals. No signifi- 
cant degree of food refusal associated with 
dietary content of DDVP was noted. No 
signs of poisoning were noted in any of 
these rats; nor was any diminution in body 
weight gain associated with DDVP dosage 
seen. 

Two rats from each group were bled for 
cholinesterase determination on the 3d, 11th, 
60th, and 90th dosage days. 
cholinesterase values for these animals are 
The rats fed at the 5 
and 20 ppm levels showed an early transi- 


The plasma 
shown in Figure 1. 


tory decrease in plasma enzyme activity, but 
by the 30th exposure day they were within 
the normal The 50 ppm 


range. group 


-60 
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showed subnormal plasma enzyme activity 
through 60 days of exposure to DDVP, but, 
when tested on the 90th day, their values 
were normal. The animals fed 200 ppm 
showed a decreased plasma cholinesterase 
content through the 30th experiment day, 
but after this time an upward trend was 
noted, and by the 90th day their plasma 
enzyme level had returned to approximately 
normal. Those animals fed 500 and 1000 
ppm, however, retained a low plasma cho- 
linesterase level for the duration of the test. 
The erythrocyte cholinesterase levels of 
these rats are shown in Figure 2. It may 
be seen from this Figure that the red cell 
enzyme values for the 5 and 20 ppm groups 
were indistinguishable from those for the 
controls. The 50 ppm group showed some 
early diminution of activity but was normal 
on the 30th day. However, the 200, 500, 
and 1000 ppm groups showed a progres- 
sively greater red cell enzyme diminution 
with increased DDVP content of the diet. 
This graded response to dietary toxicant 
remained evident throughout the test. 


(A pH/HR.) 
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40 


EXPERIMENT 


50 60 
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Fig. 1—Plasma cholinesterase levels for groups of rats fed on diets containing DDVP. 
Each point represents the average value for two animals. 
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.30 


CHOLINESTERASE LEVEL (\pH/HR.) 


40 


50 60 


EXPERIMENT DAY 


Fig. 2. 


Erythrocyte cholinesterase levels for groups of rats fed on diets containing DDVP 


Each point represents the average value for two animals 


3. Toxicity of Repeated Dermal Doses to 
the Monkey.—Three cynomolgus monkeys 
were given daily dermal doses of DDVP in 
xylene at the respective rates of 50, 75, and 
100 mg/kg. This dosage was continued five 
days a week until the animals died. 

Cholinergic signs appeared in all these 
monkeys, beginning in 10 to 20 minutes 
after administration of the first dose of 
toxicant. The signs noted in approximate 
order of their appearance included nervous- 
ness, gritting of the teeth, incoordination, 
muscle fasciculation, excessive salivation, 
labored breathing, miosis, and eventually 
inability (or indisposition) to move. The 
monkeys lay on the bottom of the cage and 
refused to move even when prodded. There 
was good correlation of rapidity of onset 


1.00 


and severity and duration of signs with 
dosage level. At any given level the cho- 
linergic effects tended to become severer 
with subsequent doses. 

Blood samples were taken at intervals 
from all three monkeys for analysis of 
cholinesterase content. The results of these 
analyses for the monkey dosed at the in- 
termediate level (75 mg/kg.) are shown 
in Figure 3. On the morning of the third 
day, after the monkey had received two 
doses of DDVP, the erythrocyte enzyme 
level was considerably depressed. With two 
subsequent doses of toxicant, the red cell 
enzyme activity fell somewhat lower and 
then maintained this low level even with 
continued dosage. The plasma cholinester- 
ase content was found to be severely de- 


pH/HR.) 
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0. 
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Fig. 3.—Plasma and 

red cell cholinesterase 

3 levels of a monkey given 

—_ 10 daily dermal doses of 
\ DDVP at the rate o* 
\ 75 mg/kg/day. 
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pressed soon after dosing but recovered 
rapidly, returning almost to normal over- 
night. 

The cholinesterase response patterns were 
qualitatively similar at the other dosage 
levels and are not illustrated. The monkeys 
dosed at the 50, 75, and 100 mg/kg. levels 
died after receiving 8, 10, and 4 doses, 
respectively, of DDVP. 

Toxicity.—The concen- 
trations of DDVP found in air from the 
Peet-Grady exposure chamber are shown 
in Figure 4. The DDVP concentration soon 
after spraying reached a peak value of 
about 6y per liter. A rather rapid decrease 
then occurred, so that on the third day 
after the single application of spray the 
DDVP level was less than ly per liter. A 
rather low level of DDVP vapor (about 
O.ly to 0.2y per liter) was maintained for 
the remainder of the two-week period. It 
should be borne in mind that, in addition to 


4. Respiratory 


the respiratory exposure to DDVP, an 
unknown amount of dermal and oral ex- 
posure may have occurred as a result of 
condensation of DDVP vapor on surfaces. 

No signs indicative of organic phosphorus 
poisoning were seen in any of the exposed 
animals at any time. Body-weight-gain 
curves for the rats were similar for the 
experimental and the control groups. No 
significant variation in weight was noted 
in the monkeys. 

Plasma and erythrocyte cholinesterase 
levels are given in Table 2 for the rats. 
Each figure given is an average of five 
determinations. It appears that at the end 
of the first week the red cell and plasma 
enzyme levels for both sexes may have been 
somewhat lower in the experimental rats 
than in the control animals. However, both 
experimental and control groups appeared 
to be identical in this respect at the end of 
the second week of the test. These state- 
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40 
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AFTER 


TREATING CHAMBER) 


Fig. 4—Vapor concentrations of DDVP in two chambers sprayed with DDVP-xylene 
emulsion. 
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TaBLe 2.—Plasma and Erythrocyte Cholinesterase Levels of Rats Exposed to DDVP 
Vapor and of Control Animals 


Concentrations of DDVP to Which These Animals Were Exposed Are Shown in 
Figure 4 


Cholinesterase Level, ApH/Hr. 


Exposure 
ime 


Toxicant Plasma Erythrocyte 


Trial 2 


0.22+0.01° 
0.24+0.01 


0.21+0.01 
0.21+0.01 


0.17+0.01 
0.16+0.01 


0.17+0.01 
0.17+0.01 


Trial Trial 2 Trial 1 
DDVP 


Control 


0.37+0.00° 
0.39+-0.02 


0.29+0.01° 
0.31+0.01 


0.15+0.01° 


Male 0.18+0.00 


DDVP 
Control 


DDVP 
Control 


0.37+0.01 
0.39+0.01 


0.32+0.01 
0.33+0.01 


0.17+0.01 
0.2140.01 


0.17+0.01 
0.214-0.00 


Female 


0.33+0.01 
0.33+0.01 


0.33+0.01 


Male 0.32+0.01 


DDVP 
Control 


0.34+0.01 
0.37+0.01 


0.36+0.01 
0.36+0.01 


0.20+0.01 


Female 0.19+0.01 


*Standard error of the mean 


ments are based on the fact that, out of are shown in Figure 5. The results for the 


eight possible comparisons between the two 
groups, the experimental rats showed lower 
enzyme values seven times the first week. 
However, at the end of the second week 
the experimental group had lower values 
twice and higher levels three times out of 
eight comparisons. It should be stressed 
that in all cases the differences are small 
and of questionable significance. 

The plasma and erythrocyte cholineste- 
rase levels for the four monkeys in Trial 2 


two monkeys in Trial 1 were similar to 
those for their counterparts in Trial 2. It 
is evident that at the end of the first week 
of exposure both the plasma and the red 
cell enzyme content of the experimental 
monkeys were much lower than their pre- 
exposure values. The plasma cholinesterase 
had recovered to some extent during the 
second week, but little change occurred in 
the erythrocyte esterase content. After ces- 
sation of exposure the cholinesterase con- 
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40 50 
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Fig. 5—Plasma (P) and erythrocyte (E) cholinesterase level of controls (Monkeys 1 and 
2) and of monkeys exposed to DDVP vapors (Monkeys 3 and 4) for indicated period. 
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tent of both blood moieties began to climb 
toward preexposure levels, the plasma re- 
turning rapidly and the red cells more 
slowly. There appears to be some indication 
of a downward trend in the plasma cholin- 
esterase levels of the control monkeys. This 
may indicate that a small amount of DDVP 
vapor was present in the adjacent room and 
contaminated the control chamber during 
the normal process of air interchange. The 
red cell these control 
animals did not change significantly during 
the test. 
the of both the rats and the 
monkeys the trend toward cholinesterase 
recovery apparent in the second week of 
exposure correlates well with the low con- 
centrations of DDVP vapor found in the 
chamber at this time. The decreased cholin- 
esterase activity noted at the end of the 
first week of exposure may very well have 
been due to the initial high concentration 
of DDVP in the chamber. 

The experiments involving exposure of 


enzyme level for 


In case 


rats in the Hazelton-type chambers repre- 
sented a much more rigorous test of the 
respiratory toxicity of DDVP. In these 
chambers it was easily possible to obtain 
lethal concentrations of DDVP in air. The 
results of these summarized 
Table 3. 


in 
In Trial 3 determinations were 
made of the DDVP concentration in the air 
under various conditions. 


tests are 


The results ob- 
tained from eight samples, taken just before 
exposure was begun, during a brief clean- 
ing after exposure was 
completed, showed an average DDVP con- 
centration of 306y per liter (range: 230 to 
341) in the incoming air of the chamber. 


period, and 
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The exhaust air had an apparent average 
DDVP concentration of 17y per liter 
(range: 14 to 23) based on 8 samples taken 
before the placed the 
chamber and 60y per liter (range: 31 to 
118) based on 12 samples taken after the 
animals the chamber. The sig- 
nificantly higher values noted after the 
animals were placed in the chamber are 
thought to be at least partly real and at- 
tributable to an increase in temperature in- 
side the chamber -because of the body heat 
of the animals. 


rats were in 


were in 


However, an apparent in- 
crease due to the phosphorus content of 
possible vaporized metabolic animal prod- 
ucts cannot be ruled out. 

The various trials with Hazleton cham- 
bers involved variations in previous satura- 
tion of the chamber and in preexperimental 
aeration of the DDVP. It may be seen from 
Table 3 that, as expected, previous satura- 
tion of the exposure chamber with DDVP 
vapor decreases the time required for the 
toxicant affect the rats. However, an 
additional factor seems to be the preex- 
perimental aeration of the DDVP. The de- 
creased toxicity so induced may be due to 
(1) hydrolysis of DDVP by air-borne water 
vapor, (2) the rapid differential volatiliza- 
tion of a more toxic contaminant present in 
the supposedly pure material, (3) conver- 
sion of DDVP to a less toxic compound 
by oxidation, and/or (4) other unknown 
processes. 


to 


The initial signs of poisoning included 
slow labored respiration, sialorrhea, and 
paleness of the ears and feet. Under the 
severest conditions of exposure (Trial 4), 
these signs appeared within 2 hours and 


TABLE 3.—Exposure Conditions, Mortality, and Survival Time of Rats Exposed to 
DDVP Vapor in the Hazleton Chamber and of Controls 


Preexposure 
Saturat‘on 
of Chamber, 
Toxicant 


Fraction 


DDVP 
DDVP 
DDVP 
DDVP 
DDVP 
DDVP 
Control 


Nowe 


Fraction 


Mortality 
(Died /Tested) 


Males 


Average Survival 
Time, Hr. 

Females Females 

6/6 

6/6 

6/6 

6/6 

6/6 

6/6 

0/6 
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» 
Preexposure Aeration of 
DDVP Sample, Hr. 
Trial, 200 Ml. 50 Ml. 
No 
0 85 43 6/6 
0 0 0 6/6 
22 22 22 6/6 
41 41 0 6/6 
60 60 19 6/6 
147 160 118 6/6 
0/6 
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TaBLe 4.—Plasma and Erythrocyte Cholinesterase Levels of a Group of Laboratory 
Workers Exposed Daily in the Course of Their Duties to Rather High 


Concentrations of DDVP Vapor 


Subject, Plasma 


No. 
Preexposure 

1,00 

0.85 

0.81 

0.75 

1.00 

1.08 


* Exposed less than other workers 
+ Not exposed 


death occurred in male rats after 4.5 to 9. 
hours and in female rats after 4.8 to 17.5 
hours. 

A further, but less rigidly controlled, test 
of DDVP toxicity was afforded by the 
study of laboratory personnel working with 
the compound. Their exposure was largely 
respiratory, although occasional dermal con- 
tamination could not be ruled out and, in 
fact, known to occurred in at 


was have 


least one person. Five persons were con- 
stantly working with the toxicant during 
the seven-week period of the test. A sixth 


person who was not exposed to-appreciable 


50 


Cholinesterase Level 


Erythrocyte 


Preexposure 


Exposure 
0. 


quantities of insecticides during this period 
was included as a control. 

No illness attributed to the toxicant was 
noted by any of the subjects. However, 
some of the workers complained of a linger- 
metallic aftertaste when 
working with technical DDVP or its con- 
centrated 


ing, unpleasant, 


solutions. The erythrocyte and 
all these 
It is evident that 
men who were exposed 


levels of 
men are given in Table 4. 
four of the five 
showed 


plasma_ cholinesterase 


moderate decreases in erythrocyte 
No significant variations in 


plasma cholinesterase levels were noted. 


enzyme level. 


40 


x1076 


DOVP 


OF 


Fig. 6—Inhibition of 
purified cholinesterase by 


DDVP in vitro 


CONCENTRATION 


MOLAR 


30 45 
INHIBITION 


Durham et al. 


(PERCENT) 


| 
1.03 0.68 
0.78 0.70 0.50 2 
0.85 0.84 0.60 
0.68 0.75 0.51 
1.06 0.77 0.54 
1.06 0.75 0.68 
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5. Screening Test for Neurotoxic Ef- 
fect—In order to screen the compound for 
a possible neurotoxic effect, a series of 10 
atropinized chickens was treated subcu- 
taneously, 2 at each dosage level, with geo- 
metrically increasing dosages of DDVP 
beginning at 10 mg/kg. On the basis of 
the results it was estimated that the L. D.50 
of DDVP to atropinized hens by this route 
lay between 10 and 40 mg/kg. Eight addi- 
tional hens were dosed in the same manner 
with 15 mg/kg. of DDVP. 

The signs of poisoning seen in these hens 
were the cholinergic manifestations com- 
monly associated with organophosphorus 
intoxication. No signs of paralysis or 
muscle weakness were noted. This test has 
been reported more completely elsewhere.® 

6. In Vitro Cholinesterase Inhibition.— 
DDVP was found to be a potent inhibitor 
of cholinesterase in vitro as well as in vivo. 
Figure 6 shows the 
exists between DDVP concentration and 
enzyme The concentration of 
DDVP necessary to cause 50% inhibition 
was determined to be 1.8 10-* M, and the 
Plso was calculated to be 5.66. No studies 
were carried out to investigate possible in 
vivo conversion of DDVP to a more power- 
ful cholinesterase inhibitor, such as occurs 
with parathion, 


relationship which 


inhibition. 


for example. However, 
comparison of our values for the toxicity 
and pls9 of DDVP with the figures given 
for other “nonactivated” by 
Holmstedt* and Casida that 


inhibitors 


indicates 


DDVP has a toxicity in the expected range 
to be consistent with its in vitro cholin- 
esterase inhibitory effect. 


Summary 


The acute oral and dermal L. D.59 values 
of DDVP for male white rats were found 
to be 80 and 107 mg/kg., respectively. The 
corresponding values for females were 56 
and 75 mg/kg. Pure DDVP was found, 
under the conditions studied, to be some- 
what more toxic than the technical material. 
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Feeding for 90 days on dietary levels 
of DDVP up to 1000 ppm caused no signs 
of intoxication in However, dietary 
levels as low as 50 ppm produced definite 
lowering of plasma and erythrocyte cholin- 
esterase levels. 

Three monkeys were killed by 8, 10, and 
4 doses, respectively, of DDVP given 
dermally at the respective rates of 50, 75, 
and 100 mg/kg. 

Monkeys confined for two weeks in Peet- 
Grady chambers which had been sprayed 
with 100 and 195 mg. of DDVP per square 
foot showed depletion of both plasma and 
erythrocyte cholinesterase. The concentra- 
tion of DDVP in the air of the chambers 
sprayed at the rate of 195 mg/sq. ft. varied 
from about 6y per liter immediately after 
spraying to 0.ly per liter at the end of two 
weeks. under the 
definite 


rats. 


Rats condition 
enzyme inhibition. 
Neither species showed any clinical signs 
of organophosphorus intoxication. 
Confinement in a Hazleton-type respira- 
tory chamber, in which their entire air sup- 
ply was essentially saturated with DDVP, 
proved fatal to rats in 4.8 to 83.0 hours, 
depending on conditions. The concentration 
of DDVP vapor exceeded 30y per liter. 
Some 


same 


showed a less 


laboratory personnel constantly 
working with DDVP experienced an un- 
pleasant metallic aftertaste as a result of 
their exposure. The four most severely ex- 
posed workers showed a small but definite 
decrease in erythrocyte cholinesterase level. 

A screening test using chickens gave no 
indication of a neurotoxic effect resulting 
from severe DDVP exposure. 

DDVP was found to be a potent cholin- 
esterase inhibitor in vitro. 

Technical Development Laboratories, Communi- 


cable Disease Center, U. S. Public Health Serv- 
ice. 
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Special Report 


Maximum Permissible Radiation Exposures to Man 


A Preliminary Statement of the National Committee on Radiation 
Protection and Measurement 


The accompanying Preliminary Statement of the National Committee on Radiation Pro- 
tection and Measurement (NCRP) presents in brief form the essential changes introduced 
by its new recommendations on permissible radiation exposure. In making the new recom- 
mendations, the Committee reviewed its past recommendations in the light of imcreased 
knowledge about the long-range effects of radiation exposure on the genetic make-up and life 
expectancy of man. 

The NCRP is an advisory group of experts in various phases of the radiation field, and 
is made up of representatives from the following organizations: American College of Radi- 
ology, American Dental Associaton, American Industrial Hygiene Association, American 
Medical Association, American Radium Society, American Roentgen Ray Society, Inter- 
national Association of Government Labor Officials, National Bureau of Standards, National 
Electrical Manufacturers Association, Radiological Society of North America, U. S. Aw 
Force, U. S. Army, U. S. Atomic Energy Commission, U. S. Navy, and U. S. Public Health 
Service. The Committee is sponsored by the National Bureau of Standards, and its recom- 
mendations are published by the Government Printing Office in the NBS Handbook series. 

Because the new recommendations of the NCRP will affect material contained in many of 
its handbooks, revisions of the latter will be undertaken at an early date. Until these revisions 
are completed and ready for publication, an effort will be made to prepare for each handbook 
a simplified statement of the changes needed to comply with the new recommendations. These 
summary statements will be released to the technical journals for publication as they are com- 
pleted, and will be used with the handbooks now in stock. The full and detailed changes wiil 
be incorporated in the revised editions of the handbooks. 


All material appearing in this report is published in the form in which it was issued. 


Introduction 


Since the publication of NBS Handbook 59 on Permissible Dose from External 
Sources of Ionizing Radiation, the National Committee on Radiation Protection 
and Measurement (NCRP) has continued the study and review of its recommen- 
dations, particularly with respect to genetic effects and the possible shortening of 
average life expectancy due to radiation exposure of a larger fraction of the 
population. The NCRP proposals resulting from these studies had an important 
influence on the decisions reached by the International Commission on Radiological 
Protection (ICRP) in Geneva in April 1956, which resulted in a general lowering 
of the maximum permissible accumulated dose (MPD) for occupational radiation 
exposures, as well as for exposures of the population as a whole. These changes 
are in accord with the informal agreements reached by the ICRP in Stockholm 
in 1952. 

The NCRP has now agreed upon the formulation of revised recommendations 
on maximum permissible doses which integrate the national and international 
views for practical application. The Committee is pleased to note that the findings 
of the ICRP are reinforced by the important information and data provided in 
the subsequent reports of the National Academy of Sciences and the British 
Medical Research Council. 

The changes in the accumulated MPD are not the results of positive evidence 
of damage due to use of the earlier permissible dose levels, but rather are based 
on the desire to bring the MPD into accord with the trends of scientific opinion ; 
it is recognized that there are still many uncertainties in the available data and 
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information. Consideration has also been given to the probability of a large future 
increase in radiation uses. In spite of the trends, it is believed that the risk 
involved in delaying the activation of these recommendations is very small if not 
negligible. Conditions in existing installations should be modified to meet the new 
recommendations as soon as practicable, and the new MPD limits should be used 
in the design and planning of future apparatus and installations. Because of the 
impact of these changes and the time required to modify existing equipment and 
installations, it is recommended on the basis of present knowledge that a conver- 
sion period of not more than five years be adopted within which time all necessary 
modifications should be completed. 


Definitions 


For the purposes of this preliminary statement, the following tentative 
definitions are given: 

Controlled Area. A defined area in which the occupational exposure of 
personnel to radiation or to radioactive material is under the supervision of a 
radiation safety officer. (This implies that a controlled area is one that requires 
control of access, occupancy, and working conditions for radiation protection 
purposes. ) 

Workload. The output of a radiation machine or a radioactive source integrated 
over a suitable time and expressed in appropriate units. 

Occupancy Factor. The factor by which the workload should be mu:tiplied 
to correct for the degree or type of occupancy of the area in question. 

RBE Dose. RBE stands for relative biological effectiveness. An RBE dose 
is the dose measured in rems. {This is discussed in the forthcoming report of 
the International Commission on Radiological Units and Measurement. ) 


MPD Recommendations for Occupational 
Conditions (Controlled Areas) 


1. Accumulated Dose. The maximum permissible accumulated dose, in rems, 
at any age, is eaual to five times the number of years beyond age 18, provided 
no annual increment exceeds 15 rems. Thus the accumulated MPD=5 (N-—18) 
rems where N is the age and greater than 18. This applies to all critical organs 
except the skin, for which the value is double. 

2. Weekly Dose. The previous permissible weekly whole-body dose of 0.3 
rem, and the 13-week dose of 3 rems when the weekly limit is exceeded, are 
still considered to be the weekly MPD with the above restriction for accumulated 
dose. 

3. Emergency Dose. An accidental or emergency dose of 25 rems to the 
whole body, occurring only once in the lifetime of the person, shall be assumed 
to have no effect on the radiation tolerance status of that person. (See National 
Bureau of Standards Handbook 59.) 

4. Medical Dose. Radiation exposures resulting from necessary medical and 
dental procedures shall be assumed to have no effect on the radiation tolerance 
status of the person concerned. 


MPD Recommendations for the Whole Population 


5. The maximum permissible dose to the gonads for the population of the 
United States as a whole from all sources of radiation, including medical and 
other man-made sources, and background, shall not exceed 14 million rems per 
million of population over the period from conception up to age 30, and one-third 
that amount in each decade thereafter. Averaging should be done for the popula- 
tion group in which cross-breeding may be expected. 
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Recommendations for Internal Emitters 


6. In controlled areas, the permissible radiation levels for internal emitters 
will conform to the general principles outlined above. Where the critical organ 
is the gonad or the whole body, the maximum permissible concentrations of 
radionuclides in air and water will be one-third the values heretofore specified 
for radiation workers. Where single organs other than the gonads are regarded 
as the critical organ, the present maximum permissible concentrations will con- 
tinue. For individuals outside of controlled areas, the maximum permissible con- 
centrations should be one-tenth of those for occupational exposures. (Other 
changes in the maximum permissible concentrations for radionuclides may be 
introduced because of additional information developed since the publication of 
National Bureau of Standards Handbook 52.) 


Discussion of Revised Recommendations 


7. The MPD for occupational exposure is based on the absence of detectable 
injury to the individual. It remains at its present level of 0.3 rem/week for the 
whole body. Where the dose in any week exceeds this value, a dose of 3 rems in 
13 weeks may be accepted. The 13-week period may start at the beginning of 
the calendar quarter or the beginning of the week during which the permissible 
weekly dose was exceeded. 


8. The rules given in Handbook 59 will be continued for operational and 
administrative purposes, but some of the rules will be modified by provisions 
related to an average yearly limitation of occupational exposure to external sources 
of ionizing radiation of 5 rems to the blood-forming organs, gonads, and lens 
of the eyes, and of 10 rems to the skin. The use of “5 rems” in the statement of 
the revised rules is for the purpose of design and administration. The critical 
limitation will be that defined for the total accumulated dose in paragraph 1 above. 


9. If a person’s occupational exposure is documented or otherwise known 
with reasonable certainty, he may be permitted to use his reserve exposure in 
accordance with paragraphs 1 and 2 above. In all other cases, he shall be assumed 
to have received his maximum accumulated dose as indicated in paragraph 1 
above. 


10. It is considered that with the current and proposed low levels of occupa- 
tional exposure, it is presently not necessary to make special allowance for 
medical exposure in conjunction with occupational exposure. This consideration 
may later become important. The effects of medical exposures have long been 
considered by this Committee to be the responsibility of the attending physician ; 
it is his responsibility to evaluate medical radiation exposure in relation to the 
health of the individual. (See National Bureau of Standards Handbook 59.) 


11. In the determination of the population dose in the vicinity of radiation 
sources, proper consideration should be given to occupancy factor and to work- 
load. The exposure of individuals outside of controlled areas may be integrated 
over periods up to one year. 

12. While at the moment it is not feasible to determine the average exposure 
for the population with any reasonable accuracy, the adoption of some figure 
is necessary for planning purposes. For the immediate future, it may be assumed 
that the total integrated RBE dose received by all radiation workers will be 
small in comparison with the integrated RBE dose of the whole population. 
Furthermore, persons outside of controlled areas, but exposed to radiation from 
a controlled area, constitute only a small portion of the whole population. 
Therefore, if this small portion is assumed to receive yearly an average per 
capita dose of 0.5 rem, the total dose to the whole population from man-made 
radiations is not likely to exceed 10 million rems per million of population up to 
age 30. (This assumes a dose of 4 million rems per million of population over 
this age period from background radiation. ) 
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Responsibilities of the Medical Profession in the Use of X-Rays and Other Ionizing 
Radiation (Statement by the United Nations Scientific Committee on the Effects 
of Atomic Radiation) 

I. Introduction—(1) The United Nations General Assembly, being aware of the problems 
in public health that are created by the developments of atomic energy, established a Scientific 
Committee on the Effects of Atomic Radiation. This Committee has considered that one of 
its most urgent tasks was to collect as much information as possible on the amount of radia- 
tion to which man is exposed today, and on the effects of this radiation. Since it has become 
evident that radiation due to diagnostic radiology and to radiotherapy constitutes a substantial 
proportion of the total radiation received by the human race, the Committee considers it 
desirable to draw attention to information that has been obtained on this subject. 

(2) Modern medicine has contributed to the control of many diseases and has substantially 
prolonged the span of human life. These results have depended in part on the use of radiation 
in the detection, diagnosis, and treatment of disease. There are, however, few examples of 
scientific progress that are not attended by some disadvantages, however slight. It is desirable 
therefore to review objectively the possible present or future consequences of increased 
irradiation of populations which result from these medical applications of radiation. 

IT. General Survey of the Irradiation of Human Beings——(3) Man has always been ex- 
posed to sume irradiation from natural sources. To this has now been added, as a result of 
modern discoveries and the applications of ionizing radiation and radioactivity, certain forms 
of artificial irradiation. 


(4) Natural irradiation is due to: (1) cosmic radiation, (2) “background” gamma radiation 
from radioactive substances present locally in the earth, rock or building materials, and from 
disintegration products of radon in air, and (3) radiations emitted from natural radioelements 
such as potassium 40, radium, radon, and carbon 14 which are incorporated in the body. 

(5) The amount of this natural radiation varies with locality, but has been estimated as 
usually delivering between 70 and 170 mrem per year to the gonads. Of this total, the major 
contributions are of about 45 per cent from local gamma radiations, 30 per cent from cosmic 
rays and 20 per cent from body potassium 40.* 

(6) Artifical irradiation is derived from: (1) the contamination of the environment, the 
atmosphere, or water by radioactive waste from atomic industries or from users of radio- 
elements; (2) the radioactive fallout, at greater or lesser distances from the source, or radio- 
activity resulting from the explosion of nuclear devices; (3) the occupational exposure of 


certain groups of workers: medical practitioners, radiologists, dentists, nurses, atomic energy 
workers, uranium or thorium miners, and the industrial or scientific users of radiation gen- 
erators or radioactive isotopes; (4) the medical use of X-rays and other ionizing radiations 
and radioelements in the detection, diagnosis, investigation, and treatment of human diseases; 


(5) the use of certain devices which emit radiation, such as television receivers, watches 
with luminous dials, and the X-rays generators used for the purpose of fitting shoes. 

(7) The amount of artificial radiation must vary considerably in different countries, and 
we have inadequate information as to the over-all significance of these factors. In certain 
countries where estimates have been made, it appears that the greatest gonad irradiation of 
the population is due to diagnostic radiological procedures, the amount from this source about 
equalling that from all natural sources in certain instances. The total present contribution 
from occupational exposure, from the products of atomic industries, from radiotherapy, and 
from the radiating devices mentioned above (paragraph 6, subparagraph 5) is likely to be 
very considerably smaller. That from radioactive fallout to the gonads appears at present 
to be in the region of 1 per cent of the natural gonad irradiation in most areas.t 

(8) Both the magnitude and the significance of these various sources are under review by 
the Committee. Since medical irradiation accounts for a substantial if not the major proportion 
of all artificial exposure, it is important that its magnitude should be known accurately for 
different countries and circumstances. The possibility of making such an assessment depends 
upon the help of the medical profession, and particularly on the adequacy and availability of 
records kept by doctors, dentists, and organizations responsible for the use of ionizing radia- 
tion. 


*From reports sent by India, Sweden, the United Kingdom, and the United States of 
America. 
+ According to the reports sent by the United Kingdom and the United States of America. 
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III, Radiation Hazards—(9) The medical use of radiation is clearly of the utmost value 
in the prevention, diagnosis, investigation, and treatment of human disease, but the possible 
effects of this irradiation of individuals require examination. 

(10) Generally speaking, the irradiation of living beings may produce radiobiological 
effects either on the irradiated individual himself or, through him, on his descendants, the 
former being termed “somatic” and the latter “genetic” effects. Somatic effects vary according 
to the different organs or tissues affected, and range from slight and reversible disturbances 
such as cutaneous erythema to the induction of leukemia or of other malignant diseases. The 
possible reversibility of the somatic effects of radiation received in small doses or at low rates 
encourages the belief that there are permissible doses of radiation which will not cause 
completely irreversible or significant somatic damage. The threshold for occasicaal somatic 
damage may, however, prove to be low. In the case of genetic effects, on the other hand, 
there may be no threshold. These effects increase with a frequency corresponding to the total 
amount of radiation received by the germinal tissues, and in the great majority of cases, are 
adverse. 

(11) Many other factors complicate the interpretation of radiobiological effects. The 
differences between whole and partial body radiation, between a single exposure and continuous 
irradiation, or between the effects of different types of radiation are still imperfectly under- 
stood. Biological differences in the radiosensitivity of various tissues, or of the tissues of 
people of different age or sex, obviously influence the nature of radiation hazards. It is clear, 
however, that any radiation of gonads, and any substantial irradiation of other tissues, 
involve a chance of significant damage which requires assessment. 

IV. General Recommendations Regarding the Medical and Occupational Irradiation of 
Human Beings—(12) The Radiological Profession, through the International Commission 
on Radiological Protection= has undertaken a valuable and responsible duty in defining 
maximum permissible limits of exposure for the main radiation hazards. 

(13) The establishment of these maximum permissible levels for those who are occupa- 
tionally exposed to radiation depends on the view that these are doses which, in the light of 
our present knowledge, do not cause detectable somatic injury in the individual irradiated ; 
and on the consideration that the number of individuals concerned is small enough for the 
genetic effects on the whole population to be negligible. For the gonads, or for irradiation of 
the whole body, the levels are such as to exclude doses greater than 0.3 rem in any week 
or 3.0 rem in any 13 weeks, or a sustained irradiation rate greater than 5 rem per year. These 
values imply that no total dose of over 50 rem will have been received by the gonads by the 
age of 30, or of over 200 rem by the whole body by the age of 60, in any occupationally 
exposed person.§ 

As regards irradiation of the whole population, it is considered prudent to limit the average 
dose to germinal tissues from artificial sources to the order of magnitude of that received 
from all natural sources. 

(14) In considering the extent to which the population is irradiated for medical purposes, 
it is essentially the genetic hazard which is involved although it seems possible that in certain 
circumstances somatic injury may occur occasionally after low doses of radiation arise. 
Otherwise, the relevant dose is that indicating the mean gonad irradiation among the popula- 
tion as a whole up to the end of the average reproductive period. 

(15) The extent of such genetic irradiation from diagnostic procedures has been found to 
be equal to at least 100 per cent of all natural radiation in two countries || and that from a 
third equalled at least 22 per cent of this figure.{ Even before obtaining more exact values 
for these and other countries, it is clear that the exposure can be substantial in countries 
with extensive medical facilities, and that it is essential to consider any ways in which this 
exposure could be reduced without detriment to the existing or developing value of medical 
radiology. 


tSee the report of the International Commission on Radiological Protection, published in 
the British Journal of Radiology—Supplement 6, of December 1954, in the Journal francais 
d'électroradiologie, No. 10, of October 1955, etc. 


§ See the report of the International Commission on Radiological Protection, published 
in the British Journal of Radiology—Supplement 6, of, December 1954, in the Journal 
francais d’électroradiologie, No. 10, of October, 1955, ete. 

United Kingdom. 

|| Sweden, United States of America. 
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(16) The Committee is therefore anxious to obtain the help of radiologists in suggesting 
through appropriate governmental channels any methods by which this total exposure could 
be reduced and in estimating the amount of reduction that might be expected from any 
such methods. In particular it would be valuable to know how much the radiation to the 
gonads could be reduced: (a) by improved design or shielding of equipment, (>) by fuller 
training of any individuals using radiographic or fluoroscopic equipment, (c) by any local 
shielding of the gonads that is practicable, especially during abdominal or pelvic examination, 
(d) by the use of techniques involving radiography rather than fluoroscopy when full infor- 
mation can be obtained by this means, (e) by improvement of administrative arrangements 
designed to obviate unnecessary repetition of identical examinations of the same subject, 
(f) by a general study of certain medical conditions such as that of peptic ulcers, to identify 
the circumstances in which the establishment of a radiological diagnosis has or has not a 
definite influence upon the treatment or prognosis given. 

V. Swmmary.—(1) The Scientific Committee on the Effects of Atomic Radiation estab- 
lished by the United Nations General Assembly accepts the view that the irradiation of human 
beings, and especially of their germinal tissue, has certain undesirable effects. 


(2) Information received so far indicates that, in certain countries (Sweden, United 
Kingdom, United States of America), by far the most important artificial source of such 


irradiation is the use of radiological methods of diagnosis and that this may be equal in 
importance to radiation from all natural sources. It is possible that such radiation may be 
having a significant genetic effect on the population as a whole. 

(3) The Committee is fully aware of the importance and value of the medical use of 
radiations but wishes to draw the attention of the medical profession to these facts and to the 
need for a more accurate estimate of the amount of exposure from this source. The help of 
the medical profession would be most valuable to make it possible to obtain fuller information 
on this subject. 

(4) The Committee would be particularly grateful for information through appropriate 
governmental channels on ways in which the medical irradiation of the population can be 
reduced without diminishing the true value of radiology in diagnosis or treatment. 
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News and Comment 


GENERAL NEWS 


Reprints of a Cooperative Study of Lipoproteins and Atherosclerosis Available 


The final report of the four-year Cooperative Study of Lipoproteins and Atherosclerosis 
was published as Part II of the October, 1956, issue of Circulation under the title “Evaluation 


of Serum Lipoprotein and Cholesterol Measurements as Predictors of Clinical! Complications 
of Atherosclerosis.” 


The study was initiated in 1950 to evaluate the report by Dr. John W. Gofman of the 
Donner Laboratory, University of California, that the elevation of certain lipoprotein molecules 
in the serum, identified by the ultracentrifuge and termed Sf 12-20 because of their flotation 
characteristics, was predictive of coronary disease. Acting through a Committee on Lipo- 
proteins and Atherosclerosis under the chairmanship of Dr. Paul D. White, the National 
Advisory Heart Council invited participation in the evaluation from three eastern laboratories 
in addition to the Donner Laboratory: Cleveland Clinic, Dr. Irvine H. Page; Department of 
Nutrition, Harvard School of Public Health, Drs. Fredrick J. Stare and George V. Mann; 
and Department of Biophysics, University of Pittsburgh, Dr. Max A. Lauffer. Research 
grants were made to the four laboratories, and the National Heart Institute provided adminis- 
trative and statistical assistance. 


Reprints of the final report are available from the administrative officer of the cooperative 
group, Dr. J. Franklin Yeager. Requests should be addressed to Grants and Training Branch, 
National Heart Institute, Bethesda 14, Maryland. 


Opportunities of the Industrial Nurse.—Now available for loan or purchase 35 mm. 
sound film strip, in color, “Opportunities of the Industrial Nurse.” Approximate loan 
charge $5.00 to cover for postage, handling, etc. Approximate purchase price for film 
strip and record $27-$28. Requests are to be directed to: Koletta K. Kaspar, R.N., 
President, Massachusetts Industrial Nurses’ Association, Esso Standard Oil Company, 
30 Beacham Street, Everett 49, Mass. Content: This picture and narrative describes 
the work of the graduate nurse as a member of the professional health and accident 
team of physician, nurse, safety engineer, and industrial hygienist or chemist. 


ANNOUNCEMENTS 


Postgraduate Course on Early Detection and Prevention of Disease.—A postgraduate 
course on “Early Detection and Prevention of Disease” will be held on May 20-24, 
1957, at the University of Pennsylvania School of Medicine. The meeting place will be 
the Auditorium, American College of Physicians, 4200 Pine Street, Philadelphia. John 
P. Hubbard, M.D., F.A.C.P., will be the Director; Norbert J. Roberts, M.D., F.A.C.P., 
Co-Director. Minimal registration will be 25; maximal registration, 80. 
A.C. P. members will be $30.00; nonmembers, $60.00. 


Fee for 


The course is designed especially for the physician who’is interested in the clinical 
application of knowledge and techniques for the maintenance of health and the preven- 
tion of disease or, in those cases where prevention is not altogether possible or suc- 
cessful, for the prevention of the progress or complications of disease. The discussions 
will be based upon practical experience witli individuals in both health and disease and 
will include a review of some experimental procedures in addition to those which have 
proved to be of value. 


The schedule is arranged to allow time for discussion periods in which questions 
and comments will be invites from those attending. 
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Books 


Les solvents chlorés et l’hygiéne industrielle. By A. Vallaud, V. Raymond, P. Solmon. 


Price, 800 fr. Pp. 356, with 61 illustrations. l'Institut National de Securité, Paris 
8éme. 


This book is one of a series of publications on the practice of industrial hygiene and its 
various aspects, published by the “Institut National de Sécurité pour la Prévention des Acci- 
dents du Travail et des Maladies Professionelles.” It deals with the industrial hygienic aspects 
of the unsaturated chlorinated hydrocarbons dichloroethylene, trichloroethylene, and tetra- 
chloroethylene, the major part being devoted to the most important of these, trichloroethylene. 
The text is divided into four parts. The first of these deals with the physical and chemical 
properties of these compounds and their industrial application. The second part gives a rather 
detailed survey and description of poisoning, especially with trichloroethylene, by various 
routes, their diagnosis, prognosis, treatment, and prevention. The third part deals with their 
determination in air, in biological materials, and their differential determination in mixtures. 
The fourth part covers the preventive measures in various types of operations as well as the 


aspects of personal hygiene and is illustrated by numerous diagrams and photographs. 


The book covers the various topics in an excellent way, they are documented with 
extensive bibliographies, and the text is written in a clear and simple style. The print is neat 
and the paper excellent. It can be highly recommended to all who are interested in the 


industrial hygiene of these solvents both from the medical and engineering point of view. 


W. F. von 


Encyclopedia of Instrumentation for Industrial Hygiene. University of Michigan, In- 
stitute of Industrial Health and School of Public Health; edited by Charles D. 
Yaffe, Dohrman H. Byers, and Andrew D. Hosey. Price, $30.00. Pp. 1243. Uni- 


versity of Michigan Publications, Distribution Service, Ann Arbor, 1956. 


The seven sections of the book cover instruments for measuring air contaminants in 
occupied spaces; for use in laboratories; for air pollution and meteorology; for air velocity 
and metering; for sound and vibration; for ionizing radiations; and for ultraviolet, visible, 
and infrared energy. 

Each section includes: (1) A comprehensive review of instrumentation in that area, in- 
cluding progress, problems, possibilities, limitations, and needs not met by instruments now 
available, (2) technical papers devoted to special problems or types of instrements used, 
(3) descriptions of available instruments used for determination in this field, including name 


or identification of the instrument; name of the manufacturer; intended and special uses and 


adaptations; operating principle; physical description; performance data, such as sampling 


rate, range, sensitivity; interferences, limitations, and safety hazards; price; operating, cali- 


bration, and maintenance instructions; photographs, line drawings, or wiring diagrams; 


bibliography. 


The book resulted from a Symposium held at the University of Michigan, May 24-27, 
1954. Manufacturers’ representation by exhibits was unusually good, but better still were 


the many technical descriptions and discussions both by manufacturers and by technical men 
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comprising a good cross-section of all those in the United States especially concerned with 


industi‘al hygiene. 


An essential tool of industrial hygiene is instrumentation. Without it the correction of bad 


conditions and the drawing up of proper specifications are made very difficult if not wholly 


impracccable. Without such instrumentation one cannot apply sound engineering methods or 
even define the problem. 


An enormous amount of painstaking work went into the preparation of this encyclopedia 
which is well written, nicely presented, and very well indexed. The illustrations and drawings 
are especially good. Much of this will need revision and supplementation from time to time- 
no easy task. 


PHILIP DRINKER 
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CURRENT PUBLICATIONS 


Quarterly 


Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted 
to books and the other to periodical 
literature, the QUARTERLY CUM- 
ULATIVE INDEX MEDICUS con- 
tains a list of current publications 
alphabetized as to authors and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 
titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 


practitioners, specialists, teachers, 
editors, writers, investigators, stu- 


dents and libraries. 


AMERICAN MEDICAL ASSOCIATIGA 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLING/S 


M-S-A DUSTFOE 66 


Improved for better, more comfortable face fit, 
and reduced breathing resistance. More sponge 
stock, plus special contour design gives an auto- 
matic fit, that assures an airtight seal without 
adjustment. Larger exhalation valves improve 
breathing. Valves are spring-retained to avoid 
variations in breathing ease, and to prevent 
accidental removal. Filters dusts and mists.* 
Write for detailed bulletin. 
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Here’s the NEW—IMPROVED 
M-S-A RESPIRATOR LINE 


M-S-A COMFO FILTER 


New facepiece compound never feels clammy, 
won’t harden, or “set” in distorted shapes; pro- 
vides greater wearing comfort, durability. Three 
interchangeable filters for—(1) dusts not signifi- 
cantly more toxic than lead;* (2) dusts, mists, 
metal fumes;* (3) toxic aerosols and extremely 
fine particles. These new Comfo Filter Respirators 
are smaller, lighter than previous models. Write 
for detailed bulletin. 


FOR CHEMICALS 
AND VAPORS 


M-S-A GASFOE 


Better looking, light weight, compact, comfort- 
able. Add to these features the four different 
single cartridges that are interchangeable and 
easily replaceable and you see why the new Gasfoe 
is tops. Cartridges available—GMA* for organic 
vapors; GMC for acid gases and/or organic 
vapors; GMD for ammonia concentrations; 
MERSORB for metallic mercury vapors. Write 
for detailed bulletin. 


M-S-A COMFO CARTRIDGE 


Redesigned for greater comfort, protection. New 
facepiece is softer, more durable than previous 
materials, keeps its shape, does not harden or set, 
resists facial oils. The new cartridge design ex- 
tends breathing protection life, and reduces re- 
sistance. Four interchangeable cartridges protect 
against organic vapors,* acid gases, ammonia, or 
metallic mercury vapors. Filters available for dust 
protection.* Write for detailed bulletin. 


*U. S. Bureau of Mines Approved 


MINE SAFETY APPLIANCES COMPANY 


SAFETY EQUIPMENT HEADQUARTERS 


201 North Braddock Avenue, Pittsburgh 8, Pa. 
At Your Service, 82 Branch Offices 


in the United States and Canada 
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